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PEBFACE TO THE THIRD EDITION 

The extensive use of the previoue editions seems to have 
shown the acceptability of the general plan of the book. This 
conclusion has been confirmed by the fact that the second 
edition has been translated into German, and that a transla- 
tion of the present one into Russian is being prepared. In the 
present, therefore, the fundamental features of the previous 
edition have been preserved. In brief, the ^lim has been to 
furnish the basis for a systematic, coherent, and instructive 
study of the elements of chemistry from the modem stand- 
point. 

In the effort to make misapprehen^ons and mistakes as 
nearly impossible as may be, the directions have been entirely 
rewritten, and in many cases have been amplified, and a num- 
ber of the experiments have been modified. An entirely new 
set of figures has also been drawn. To render the exercises more 
instructive, and still further to discourage mechanical work, a 
larg^ number of questions has been inserted. With the same 
end in view, data m regard to solubihty have been introduced 
(Appendix) as a new feature, and their use in exjilaining 
chemical phenomena has been illustrated in muiy experiments. 
The rationahzing value of using the conceptions of chemicd 
dynamics, the electromotive series, and the degrees of ioniza- 
tion has been emphasized by more frequent references. 

Some of the formal quantitative experiments have betn 
modified, and the directions have been made clearer. The 
value of these experiments has been found to he chiefly in the 
basis tJiey give for dear understanding of the difficult subject 
of combining, atomic, and molecular weights. 

When quantitative experiments were first used in elementary 
chemistry it was hoped that they would also assist in develop- 
ing an abiding realization of the quaatitativeness of all chem- 
ical phenomena and, as a consequence, make all the thoi^ht 
and work of the student more rigorous. In the experience of 
the authors, however, quantitative experiments of the usual 
kind fail to accomplish this important result. Students who 
have performed such experiments still add a test-tube fuH trf 
sulphuric acid to a liquid known to contain only a trace of 
a compound of lead, and still think less than a dozen bubbles 
•of hydrogen sulphide suflBcient to precipitate the lead from 
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10 cc. of approximately normal lead nitrate solution (see 74 g 
and note 36, p. 67). They attempt to make potassium chlorate 
without considering tliat a few bubbles of chlorine (perhaps 
liberally mixed with air) will not saturate three grams of 
potassium hydroxide (see 67 a), or they take too much wat«r 
and then, not having considered the soIubilitieB and, therefore, 
not knowing what is wrong, throw away the product and lose 
valuable time by starting entirely ah initio. The failures 
which result from this lack of a sense of quantity are innum- 
erable, and the discouragement often a serioue hindrance to 
ultimate success. The fault, of course, is in the instruction, 
and the remedy lies in exercises and questions devised to cul- 
tivate this missing sense. It is to meet this situation that tjie 
tables of solubihties have been introduced and have been 
referred to frequently (see, e.g., 04, 66, 136 a, 137, 137 c-f, 139 d). 
With the same object, the tables of degrees of ionisation have 
been utilized (see e.g., 64, 66), and the varying degrees of 
activity of acids have l>een observed (e.g., 1S4) and measured 
(120). Still further to cultivate rational experimentation, the 
solutions on the side-shelf should be approximately normal 
(or in simple multiples or submultiples of this concentration), 
^d the student may then be led to note the concentrations 
and, in many experiments, to take suitable quantities accord- 
ingly. The importance of the point of view indicated in the 
foregoing can hardly be overestimated. Genuine success in 
business or in the professions, and often even the mere mBlring 
of a livelihood, depend so lai^ly on abihty to reason quanti- 
tatively that practice in this kind of reasoning is of inestunat^ 
value in education. If, on the contrary, the work in chemistry 
is purely haphazard In this respect, the study of the science 
may easily he a positive detriment rather than a benefit, wid 
that whether the student ultimately makes direct use of his 
knowledge of the science or not. 

If it appears that these changes have made the work more 
difficult, it must be remembered that valuable knowledge can 
\» obtained only by effort, and that the value of the knowle^;e 
is in proportion to the effort, provided the latter is directed 
rationally along instructive lines. Easy chemistry must be 
superficial and empirical, in proportion to its simplicity. It 
is easy to perform experiments mechanically; it is necessarily 
more difficult to interpret the resulto and extract all that th^ 
can teach. 

The book is intended for be^nners in colleges, universitiea, 
and professional schools. It must be understood, however, 
itai no <me class ia expected to perform all the experiments. 
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Only from one-half to threeKjiiarters of the whole materiid can 
be covered in thirty-three weeks, by a atudent working four to 
six hours a week. The authors have found no difficulty in 
arraneing a courBe only twelve weeks long, and utiliziue con- 
siderably less than half the contents. The outline is subdivided 
into numerous small paragraphs, so that each instructor may be 
able to make such a selection as will suit the work he desires 
to give. It is hoped that the whole body of material is suffi- 
ciently great to permit the arrangement of a course of almost 
any character. Thus, many or few quantitative experiments 
may be given, and many or few theoretical matters illiiBtrated. 
Emphads may be laid on work leading to analyms, or some 
of tiiat work may be SEU^rificed in order to include a larger 
number of preparations. The student may even be directed 
in certain paragraphs to ignore the questions. Finally, the 
order of the ezpenments may be altered without serious dia- 
turbance. 

The recent great improvement in the work in chemistry in 
secondary Bchools makes it desirable to recognize and encouiw 
age this work by outlining a different selection of experimenta 
for those who have studied the science before, and, if possible, 
to give such students separate class-room instruction. 

Sample selectious of experimente for beginners and for more 
advanced students have been given in a separate pamphlet, 
which will be sent to instructors, upon request, by publishers. 
This pamphlet includes also liste^of apparatus and chemicals 
and other data helpful in the organieation of the laboratory 
instruction. 

In the preparation of this edition the authors have received 
helpful suggestions from Prof. S. Lawrence Billow of the 
TTnivermty of Michigan, from Prof, Ralph H, MdSee of Lake 
Forest University, and from Prof. H. N, McCoy, Dr. C. M. 
Cu^on, and Mr. T. B, Freas of the University of Chicago, 
' as well as from many others. We wish here gratefully to 
admowledge the improvements which the OvUine owes to 
these suggestions. 

Thb Atithoiic. 

Chioxoo Ain> AxTX Axaoa, 
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PREFACE TO THE FOURTH EDITION 

Thb third revised edition having been exhausted within a few 
moDths of its publication, the opportunity is taken to introduce 
some needed alterations. Aside from a few corrections, only 
one considerable change is made. This consists in the transfer 
of Chapter V of the last edition bodily so that it follows Chapter 
VII of the same edition. This places the quantitative experi- 
ments on equivalent weights after the work on water, chlorine 
and hydrogen chloride instead of before it. In the "Introduc- 
tion to General Inorganic Chemistry," to which the Outline is a 
companion volume, the discuasions of molecular and atomic 
weights and of the atomic hypothecs occur at this point and are 
therefore now contemporaneous with the quantitative experi- 
ments dealing in part with the same subjects. Thus there have 
been adjusted the two difficulties in making a convenient scheme 
of work, which were formerly occaeiooed by the lack of laboratory 
work to accompany the molecular and atomic hypotheses and 
their applications, and, at a different stage, the great escess of 
laboratory work over class-room work at the time when the main 
set of quantitative experiments was being performed. Many 
instructors will feel that, apart from this mere matter of peda- 
gopcal convenience, the postponement of the quantitative 
work is in itself advantageous, because, after more laboratory 
experience, greater ease of performance and greater accuracy in 
results may now reasonably be expected. 

This opportunity may be taken to call attention to the 
change in the nomenclature of ionic substances (p. 55) in 
Chapter X «( seq. This considerable departure from tne system 
-used in the text-book was made only after careful considera- 
tion. The nomenclature now employed in the outline, although 
it has been developed chiefly since the t«st-book was written, 
has already come into fairly consistent use in Anaerican chemi- 
cal literature. In Great Britain no one system has established 
itself. In Germany a plan similar to that here adopted has Iseen 
used by Ostwald and others for several years. 

Thb Adthobh. 

Nowmber, 1907. 
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GENERAL INSTRUCTIONS. 

NOTES 1-17. 

Read the "B^uUtiom" posted in the Uboratoiy. Head also, 

attentively, tlie following not«s: 

Note 1. — - Provide yourself with a aotA-book and make a careful 
permanent record immediately after each experiment. Enter the 
numbers and titles of the paragraphs of the outline aystematically. 
Slate (1) what you did, if anything beyond the directions, but do 
not copy the printed directions themselves, (2) what you observed, 
(3) what conclusions vou drew. A sketeh of the apparatus will 
enable you to recall the circumstances of the experiment, if later 
reference to it is necessar}'. This note-book, when called for, ii 
to be handed in for inspection. 

The bUnk pages in this Outline are not intended for the final 
notes. They may be need for individual suKeations given by 
the instructor^ prdiminary notes, record of weigEngs, etc. 

The directions have been expressed with the utmost caie and 
brevity. Even' word is significant. Italics are therefore nowhere 
emplayed for the purpose of emphasis. 

Note 2. — Whenever an Intwrogatlon potut or a direirt quel- 
tioa appears a corresponding note should appear in the note-book. 
The " (7)" indicates something to be observed and recorded. 

Note 3. — ' The very numerous questianB asked in the couiae of 
this outline are intended to be answered, not by speculation, but 
by careful observation and reasoning based on the reaulte of this. 
Very often the student will find it necessary to devise and cairy 
out further experiments of his own before a satisfactory answer is 
obtained. When a guestion occurs to you, endeavor by reflection 
and study to answer it yourself before consulting an instructor, 

NoUi.. — In many cases the work outlined could not in it«elf 
furnish the basis for an answer, and fuller investigation of the 
point would require work beyond the time or ability at the dis- 
poMl of the beginner. Such questions are djatinguished by an [R], 
mdicating that Reference te some authority (lecture, book, or 
assistant) must be made. The number following the R is that of 
the page in Alexander Smith's Introdud,ion to Genera! Inorganic 
ChemUtry, where the necessary informatitm may be obtained. 
The authority should be consulted, however, only after the experi- 
ments have been made and the notes written up as far as possible. 
Noi« 5. — When a chemical change has oeen observed the 
eqa&tion should always be given in the notes, but an equation 
alone is never a sufficient record. 

Note 6. — Where the word [jnstnictious] appears, consult the 
instructer before gobg further. 

Note 7. — - In quantitative experimente, marked [Quant.], use tba 
finer balance, in all other cases the rough scales in the laboratory. 
Note 8. — The expression [Storeroom] indicates that the neoa» 
aary apparatus ia nc^ included in the individual outfite. 
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A^ote 9. -~ When the word [Hood] ^pean, the operation is not 
to be conducted at the desk in the open laboratoiy. The apparft- 

tus is to be at once transferred to the hood provided for operatioDS 
involving ill-smeUing gases or vajwtB. 

Note 10. — Where exact quantities are not indicated, very small 
amounts of Botutiona (1 c.c. or less) should be taken. This advice 
is given, partly to secure saving of material, but chiefly to avoid the 
waste of time which working with tai^ quantities always entails. 

Note 11. — To obtain the neceisuy chemical Bnbataocea, do 
not cany the bottles from the eide-ahelf to the desk. Bring a cle^ 
teat-tube for liquids and a watch-glass for solids. For the latter, 
a piece of the p^>er, provided near the side-shelf, may also be 
used. When too much of any reagent has been taken, do not 
return it to the bottle. 

Note 12. — The .chemicalB are divided into two seta, each 
arranged alphabetically according to <^e scientific names.* The 
first set consists of solids in small bottles, the second of liquids. 
The bottles and their places are numbered consecutively to facili- 
tate accurate replacement, and scrupulous care must be taken not 
to diaarrange them. Read the labels attentively, as there are 
frequently several kinds of the same aubatance (e.g., pure, and 
commercial, dilute, concentrated, and normal). 

All matoriala are aupphed through the storeroom service. Do 
not ther^ore take side-shelf bottles, when found emp^, to the 
inatructor, but to the storekeeper for refiUing, 

JVoto 13. — The expression [From Instructor], however, indi- 
cates one of a few special substances for which the student must 
apply to an instructor. 

Note 14. — The Dine bottlei on the iut contain aqueous 
solutions of sodium hydroxide, sodium carbonate, and ammonium 
hydroxide, which are not to be found on the side-shelves, and 
sulphuric, hydrochloric, and nitric acida in concentrated and dilute 
form. These acids are all commercial. The corresponding pure 
concentrated and dilute acids will be found on the side-shelt, but 
ate to be used only when the outline ao directa. 

Notei.5. — When any acid get! upon the clotblnc, apply 
ammonium hydroxide solution [On desk] at once. 

Note 16. —> Bums, whether caused by contact with hot objects, 
by acids, or by corrosive hquids like bromine, are rubbed gently 
with a paate of sodium-hydrogen carbonate and water. All bums, 
save the aUghteat, must afterwarda be dressed with an aqueous 
solution of faKirio acid (half-aaturated) [Side-ehelf] to prevent infec- 
tion. Obtain the assistance of an instructor. 

Outs must be washed in running water and dressed with boric 
acid as above, or with lanolin containing 2 per cent of boric acid. 

Note 17. — All students work independently, except where 
cooperation of two students is expressly directed. 
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LABORATORT OUTLINE 

CHAPTER L 

Manipulation. 

1. The Ontflt of Appaiatua. Aa articles misamg or found 

imperfect when the course is completed will be charged for, 
check the outfit of apparatus carefully by compariBoo with the 
list. To do this, put all the articles on the top of the desk and 
make a mark on the margin of the list opposite to the names 
of such as you are able to identify, at the same time returning 
the article to the cupboard or drawer. With the assistance of 
an instructor, the remaining, unfamiliar articles can then be 
checked also. 

2. Instmctions. 

a. Read the general instructions and notes preceding this 
chapter very oarSully, and do not fail to observe them. 

b. The number of blast-lamps and balances bein^ limited, 
the whole class cannot pierform the e^eriments in this chapter 
simultaneously in the order given. The order is, in any case, 
a matter of indifference. Two students from the group under 
each assistant will be^ with glass-working (4) or weighing 
(6 and 7 a and b). The other students will meanwhile per- 
form 3, 6, and 7 d at the desks. 

c. Record in the note-book the results of 3, 6, and 7 only. 

3. Bunsen Burner, 

a. Attach the Bunsen burner by means of rubber tubing 
to a gas connection, close the air-holes at the base, and Ught. 
Now open the air-holes gradually and note the effect upon the 
flame {?). What is the proximate cause of the difference in the . 
two flames 7 When luuug the burner for heating purposes, 
always regulate the ^r supply so as to get a noiseless, noD- 
luminous Same. 

6. Determine the structure of each kind of flame. Which 
parts are relatively hotter, and which cooler? This may be 
ascertained by observing the quahty of the glow produced in a 
platinum wire held across the flame in several positions. A 
match-stick quickly inserted may also indicate the cooler portions. 
Make sketches showing the real form of the flame (7). Where 
should you hold an object in the non-luminous Same, in order 
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4 MANIPULATION [J 4 

to get the greatest heating effect? Prove the presence of un< 
burnt gOB in the inner cone by inserting therein one end of a 
narrow glass tube, and igniting the gas that issues from its 
upper end. Which region is deficient in oxygen and which has 
an excess? The former is called the reducing, the latter the 
oxidizing region. 

c. Bring from the side-shelf, in a watch-glass [Note 12, p. 2], 
a Bomll quantity of borax* (sodium tetraborate). Heat your 
platinum wire, which has been inserted into the fused end of a 
glass rod, and immerse the glowing end of the wire in the borax. 
Use the wire in straight condition, without any loop. Now, 
hold the wire in the dame, observe the behavior of tne borax, 
and explain [E 528. See Note 4, p. 1]. The bead must be small 
to avoid its dropping oS. 

d. Bring the not borax bead in contact with a minute particle 
of manganese dioxide [Notes 11 and 12], heat in the flame near 
the outer edge until the particle has dissolved, and observe the 
color of the bead when cold. If the bead is opaque, too much 
of the dioxide has been taken : throw the molten bead off and 
start again. 

e. C^t off the gas supply until the flame is about 6 cm. in 
height. Oose the air-holes until a luminous point appears 
at the apex of the inner cone, and hold the bead containing the 
manganese dioxide steadily in this luminous (reducing) portion. 
Before withdrawing the bead, lower it into the inner cone of 
unbumt gases to cool. Observe the color of the bead (?). 

/. Reli^at the bead in the oxidizing part of the Same (?). 

4. OlmsB -Working [Blast-Lamp Table. Instructions, and 
Note 18, below]. 

a. Gut a small piece off the wide soft glass tubing and make 
a test-tube out of it. 

(. Make a test-tube of hard (? [R 607]) glass. 

c. Connect two pieces of narrow glass tubing to make a 
loiwer piece. 

d. Make a T-tube by connecting two pieces of narrow glass 
tubing at right an^es to each other. 

AToCalS. ^To cat narrow glass tubing make a slight, trans- 
verae scratch with the triangular file. Hold the tubing so that 
the points of the thumbs are together opposite to the scratch, and 
press forward with the thumbs so as to bend the tuBe away from 
this mark. Wide tubing may be cut by making a deep scratch 
completely round the tuDe and starting the crack by touching with 

* In this OuSxTU Uie eommon, or popular nainea are often used 
intentioiiaUy. The a7B(«matio names must, in auoh oaaes, be found 
b7 the (tudant [RJ. 
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the led-hot end of a glaaa rod. Other methods ma; be ahown hy 
the instructor. 

Always round off (flre^oUBli) the sharp edges of freshly out 
tubes bv softening in the Bunsen fiame (why do the edKes become 
rounded?). In the case of test-tubes, and omer tubes <n wide bore 
in which corks are to be inserted, the mouth must be strengdtened 
and tendered fit for receiving the cork. To accomplisli this, heat 
the edge in the flame and spread it sllKhtly, but uoiformly, by 
rota^ng in it a pointed piece of charcofJ, or by turning outward 
the softened edge with the reverse end of a flle. 

In malting test-^ubes and in connecting pieces of tubing, distend 
the softened parts by blowing immediat^y before allowing to cool, 
otherwise cracks are likely to appear. 

To b«nd glUB tubing, never use the Bimsen flame (whyT 
Note 3). Alwavs employ an ordinary, flat, luminous flame of 
fish-tail form. Hold the tubing lengthwise in the flame, not across 
it (why?), turning the tube slowly round its axis to receive uniform 
heating. Keep the tube straight until it is soft enough to bend by 
its own weight. Finally, do not actually make the bend while the 
tube is in the flame, but after removal from it (whyT). 

Hold a piece of tubing in the Bunsen flame, without rotating the 
tube, and ciend it while it is in the flame (7). Compare theorad 
with one made in the proper way and account for the difference. 

S. Oonatruction of « Wuh-Bottle. Select a good cork which 
will fit the mouth of the largest flask and soften it by rolling 
under the foot upon the floor while pressure is cautiously ap- 
plied. Bore two parallel holes with 
the cork-borer, and smooth them 
by means of a rat-tail fUe [Note 19, 
below]. Bend two pieces of glass 
tubing as indicated in Fig. 1 [Note 
18], fire-polish their edges and insert 
them in the openings in the cork. 
Make the nozzle by softening & 

Siece of glass tubing in the Bunsen 
ame, drawing it to capillary dimen- 
sions after removal from the flame, 
cutting {6-8 cm. long), and fire- 
poLshing. Connect the nozzle by 
means of a short piece of rubber _ ^ . 

tubing. Test the apparatus to see 

that it is ^r-tight [Note 20]. Fioaily, fill the flask with disUlled 
water [Note 21]. 

NoU 19. — The cork borer is usually made of brass, and the 
edge is easily turned. Form the habit of examining the edge and 
freshening it by cautious application of a triangular file [Instnio- 
tioos. Note 6] every time it is to be used. Do not hold the coik 
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a^iiut the table while borinz, as the edge of the tool may be 
mined. Hold the cork in the uand and bore from the nairow end 
with care, exactly parallel to the axis. If the cork and borer are 
rotated round their axee and the edge is fresh, very httle force will 
be reouired. The borer is purposely choeen so as to be smaller 
than toe tubing. Its use thus permits the enlar^g and smoothing 
of the hole with the rat-tail file until a perfectly fitting bore baa 
been made. 

Nole 20. — Before use, every piece of closed apparatus employed 
in this and all succeeding experimenta must be tested for til- 
tl^hbiBBB, and rendered perfectly air-tight. In this instance place 
in the flask enough water to cover the lower end of the longer 
tube and transfer the rubber connection to the shorter glass tube 
and close it with a clamp. Now, blow through the longer tube bo 
that a few bubbles of air pass into the flask. If the apparatus is 
air-tight the water will rise in this tube when the mouth is with- 
drawn and will remain ia an elevated position. If the water grad- 
ually sinks to its former level, the apparatus is not air-tight. 
Examination of the holes in the coric mar show defects, which can 
be remedied only by boring a fresh corlc more carefully. If the 
cork itself csntains pores, these may often be closed by thorough 
wetting. Do not on any| account employ paraffin or sealing-wax 
to pat^ defective places in a cork; use a fresh one. 

}!ote 21. ^Distilled Wkter is to be used for making solutions 
and for rinsing glassware (why?). Coounon water is to be used 
for all other purposes. 

6. Use of the Simple Balance [lastructions. Quant.]. By 
turning the screw attachment in front of balance case, release 
the beam and pans, allowing the beam to swing. Observe the 
excursions made by the pointer. Divide by two the total divi- 
sions covered by the pointer in one full swing, and count off 
from either end of the awing the divisions which this number 
designates, thus finding the position of the true zero point. The 
beam must awing freely during the observation: the zero is never 
to be read with the beam at rest. 

This observed zero point may lie a little to the right or to the 
left of the marked zero. Note down its distance, in scale divi- 
sions, from the marked zero. If it lies to the right, prefix to 
the number of divisions the plus (+) sign: if to the left, the 
minus (— ) sign. The zero of any one balance changes, and 
must be redetermined every time a weighing is made. 

Place a 10 g. weight in each pan (Note 22, below], and deter^ 
mine the zero as before. Add the .01 g. weight to the right- 
hand pan, and find the reading about which the pointer now 
oscillat«s. The difference in reading between this point and the 
last determined zero point gives the deflection due to the .01 g. 
weight. It may be used for estimating weights less than .01 g. 
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Nfie 22. — Oieat care must be taken in the oie of the bftUitM 
and woiffhta. The pans of the former miiat be let down upon 
their supports when not in use and every time weights or other 
objects are to be added or removed. All objects to be placed upon 
the pans must previously be carefully elected and dned. Solids 
are plaixd upon a watcb-glass or upon a .piece of glazed paper, and 
never directly upon the pans. The weights must be lifted from 
their case by means of forceps, never by the fingers. Thef aiB 
usually placed on the right-hand pan, the objects to be weighed 
on the left. 

Note 23. — In reckoning results, count first by the places vacant 
in the box, and check by count- 
ing the weights themselves. This 
will enable you to avoid the com- 
monest error in weighing. Finally 
record the weights in the note- 
book, or laboratory outline, and 
never upon loose sheets of paper, 
as loss of the latter will necesst- 
tate a repetition of the entire . 
e^ieriment. 
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I burettfe (Fie 
with a, short piece of nil 
tubing and glass nozzle (eee 6). 
The withdrawal of liquid from 
the burette is regulated by a 
pinch clamp upon this rubber 
connection, or by placing a 
small piece of glass rod (with 
fire-polished edges) in the 
middle of the rubber tubing 
to choke the bore. In this 
latter case, pinching the tub- 
ing surrounding the glass rod 
wSl permit the liquid to flow 
at any dedred rate from the 
nozzle. 

b. Support the burette upon , 
a ring-stand by means of a 
clamp. Now M the burette Pici 

with distilled water, .drawing 

off a portion to insure the complete removal of lui from the 
rubber tubing and nozzle. The last bubble of tax may be re- 
moved by tuming the nozzle upward while the water is allowed 
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to flow. Read the height of water by observing the lover 
aide of the meniacus and estimate to tenths of a divi^on. 

Clean and dry a ami^ll beaker carefully and weigh it [Quant.]. 
Allow 10-20 c.c. of the diatilled water to run from the burette 
into the beaker, read the new level of the water, and ascertain 
tie volume taken by subtracting the readings. Weigh the 
beaker again and ascertain the weight of the water by subtrac- 
tion. Calculate from your figures 3ie weight of 1 c.c. of water. 
Keep the beaker and contents for use in c. 

c. Place some distilled water in the graduated cylinder 
and read its volume. Pour about 10 c.c. of this water into the 
beaker (already partly filled with water), read the volume of the 
remainder, and find by subtraction the volume poured out. 
Now weigh the beaker once more and find the weight of this 
water by subtracting the previous weight. Calculate the weight 
of 1 c.c. of water. 

Is measuring volume by burette or by cylinder more accurate 
(1 c.c. of water at 4° C. weighs 1 g.), and why? 

d. Measure by means of the cyUnder, rou^ily, the volumes of 
water your flasks and beakers hold, and record the figures. Fill 
the veaaels to a coaveuieut height for use, and not to the biim. 
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CSABACTXHISnCB OF CHEHICAIj PHIiKOMZNA. 

8. QoallUtive Btndjr ol ObsmlCftl Pbeoomaiu. 

a. Rub a pinch (about 0.5 g.) of powdered roll sulphur with 
a very small globule of mercury (use the dropper) in a mor- 
tar (?). When the mass haa been intimately ground together 
for about five or ten minutes and do particles of mercury are 
longer observable, place it in a dry test-tube and add about 
3 c.c. of carbon disulphide [CARE, Keep away from flames], a 
solvent for the free sulphur. Shake wdl (do not apply beat) 
and then pour o& the clear solution into the sink [Hood. Note 
25, below]. Repeat, shaking well and pouring away the clear 
liquid. Continue this operation until a sample of the decanted 
liquid f^ls to give any sulphur by spontaneous evaporatjon 
upon a watch-glaas. What is the product remaining in the tube 
[R667]? By means of a few c.c. of carbon disulphide wash this 
product out upon a filter paper [Note 24, below] and allow it to 
dry. To show the composi- 
tion of this substance place 
it m a small dry test-tube 
and heat strongly over a 
flame. What odor is noticed 
at the mouth of the tube? 
What product is found to 
subUme upon the walls of 
the teatr-tuDe? Rub the sub- 
limate with a glass rod (7). 
What characteristics of chem- 
ical change have you noticed 
ia the above experiment? 

Note 24. — Cut from a sheet 
of filter paper a pieoe 7 cm. 
(3 inches) square. Fold the 
square twice in directiooa at 
right aneles to one another, ho 
as to obtain a square of one- 
fourth the previous area. Cut 
oS the loose comers with scissors so that 
Open the folded paper so that a cone is t 
place the cone iu a dry glass funnel, 
paper ' ' 




luadrant is foimed. 
uced (Fig. 3), and 

, „ _. or larger pieces of 

taken according to the amount of the precipitate or 
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of the liquid to be filtered, the smallest size that will serve the 
purpose being preferred. The funnel must be chosen bo that the 
filt^ paper, after being trimmed and placed in position, does not 
quite reach the edge^ much less project above it. While ia use, 
the f iinn ni ia placed in a ring on the stand, and is not to be held 
in the hand. 

Note 25. — Pour awa^ all ill'Smelling substances, like carbon 
disulphide, in the sink in the hood and not in the ordinary sinks 
or jais. 

ft. Gunpowder ia made from saltpeter (potasaiunt nitrate), 
roll sulphur, and charcoal. Bring specimens of tbese three sub- 
stances on watch-glasses from the side-shelf, and examine them 
with respect to properties which can be used for recognition and 
separation [R 36, 37, 39], such as appearance and solubility in 
various solvents. Tiy the solubility of each in distilled water 
and in carbon disulphide, using in the latter case thoroughly 
dried test-tubes [Notes 25 and 26]. Do not judge of solubility 
by the eye^ but filter the mixture [Note 24], catch a few drops 
ra the liquid on a watch-glass, evaporate, and see whether there 
is any greater stain on the glass 
than the pure solvent would itself 
have left. The taste (?) of the salt- 
peter is a characteristic property. 

Now place about 1 g. of gunpowder 
in a large test-tube and add 5-10 
e.c. of water. Shake well (after clos- 
ing the test-tube with the thumb), 
warm gently, and filter [Note 24]. 
Evaporate the filtrate upon a water 
bath or over a beaker of boiUng 
water (Fig. 4). Describe and name 
the residue. Dry (why ?) the filter 
paper and its black contents over a 
radiator or in a drying oven. Shake 
the dried product with cold carbon 
disulphide in a dry [Note 26] teat- 
tube, filter, and allow the filtrate to 
FlK. 4 evaporate [Hood] spontaneously (?). 

What remMna upon the paper? Did 
any chemical change occur durii^ the manufacture of gun- 
powder? 

Why are the ingredients of gunpowder pulverized so finely and 
mixed so intimately? 

Note 26. — To dry test-tnbas or flasks qnickly after recent 
wodiing, wann them eligbdy in the Bunsen fiame, connect with 
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Wt. of dish with lead (silver} 



Wt. ol dish, empty 

Wt. of l«&d (aUrer) 



Wt, of dish with lead (silver) oliloride 

Wt. of dish with lead (silver) 
Wt. of chlorin* 



Wt. o* lead (silver) 

Wt of chlorine 

Wt. of lead (ailver) chlorido 



Per cent lead (ailver) (a:) 
Per cent clilorina (x*) 
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the air supplv of a blast-lamp a piece of glasa tubing long enough 
to teach to the bottom of the vessel, and allow ft gentle stream of 
air to flow through the tube and vesaeL 

S, Lav of Definite Proportionx *" [Quant.]. 

a. Obtain two pieces of pure lead of different sizes, about 
0.5 g. and 0.6 g. respectively. Clean and dry two evaporating 
dishes, taking care to remove any paper labels which may be 
attached to them, and weigh each with care [Quant., balance]. 
Place one piece of the'lead in each and weigh ag^n. The dif- 
ference wiU give the exact weight of the lead. Be careful in 
your notes, and in handling, to distin^eh the dishes from one 
another. 

Dilute 7 c.c. of concentrated nitric acid [Desk] with 14 c.c. of 
water in the graduated cylinder and add to the lead in each 
dish 10 CO, of the diluted (1:2) nitric acid. Cover each dish 
with a watch-class, convex 'Side downward, and set upon the 
water bath. When the action is over, and the lead has entirely 
disappeared, rinse the lower Burface of each watch-glass into the 
dish by means of a little water from the wash-bottle. Then add 
to the contenfa of each 5 c.c. of pure [Side-shelf] dilute hydro- 
chloric acid. This causes the precipitation of a compound of 
lead and chlorine whose weight is next to be determined. To 
accomplish this, the water and other substances present (ex- 
cept the lead chloride) beii^ all volatile, the mixture is dried 
by evaporation on a water bath. An extra Bunsen burner 
rStoreroom] and two beakers containii^ water may be used as 
oaths, as in Fig. 4 [Hood]. A match iiiserted between the dish 
and the beaker permits escape of the steam and prevents the 
poeable upsetting of the diwi by the vapor. When the con- 
tents of the dishes are dry, moisten the contents of each with 
2 0.0. of pure [Side-shelf], concentrated hjrdrochloric acid and 
dry once more. Now transfer the dishes, one at a time, to the 
clay triangle supported on the ring-stand, and heat the whole 
residue cautiously with a small Bunsen game. Watch it nar- 
rowly and do not allow any of it to melt. When the dishes are 
cold, weieh each again with care. The increase in weight over 
the previous value in each case gives the wdght of chlorine 
irtiidi has combined with the known weight of lead. 

* Before bet^nidng, always endeavor to ascertain the object of eaok 
•XMrimmt. B7 this means con/used work and much waste of time 
will often be avmded, and significant facta to be observed and reoorded 
will not eecape notice. Consider, first, oarefully the title, as it will 
usually indicate the object of the exerdse. If toe title is not at once 
fully understood look up the topic in a reference book before Koing 
furthei^ 
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Calculate from each of the two set« of data the percentage of 
lead (z) and of chJorine {x') in lead chloride: 

Wt. of lead used: Wt. of lead chloride ::ar :100. 

Wt. of chlorine found : Wt. of lead chloride ■.ix': 100. 

Compare the results of the two measurements and interpret. 

b. To secure almost ideal results, two pieces of pure silver 
foil of about 0.5 g. and 0.6 g. should be substituted for the lead 
in a. 

Dilute S c.c. of concentrated nitric acid [Desk] with 5 c.c. of 
distilled water in the graduated cyhnder and add to the silver 
in each dish 5 c.c. of the diluted (1 : 1} acid. When the action 
is over, and the cover-elasses have been rinsed, as in a, add 2 c.c. 
of pure [Side-shelf] dilute hydrochloric acid to the cant«nts of 
each dish. This causes precipitation of a compound of silver 
and chlorine. Evaporate the liquids to dryness piood] and 
heat the residues at once until signs of melting are seen. 
Weigh each dish. The increase in weight over the previous 
value in each case gives the amount of chlorine which has com- 
bined with the known weight of silver. 

Calculate from each of the two sets of data the percentages 
of mlver (x) and of chlorine (z') in silver chloride : 

Wt. of silver used ; Wt. of silver chloride : :x : 100. 

Wt. of chlorine found ; Wt. of silver chloride : : x' : 100. 

Compare the results of the two measurements and interpret. 

Before cleaning the dishes, transfer the silver chloride to the 
bottle for silver waste. 

c. Clean and dry two evaporating dishes, taking care to 
remove paper labels which may be pasted upon them. Weigh 
each dish [Quant., balance]. Place in each some sodium- 
hydrogen carbonate, in the one about 1 g. and in the other about 
2 g., and weigh again. Treat both alike, as follows: Dissolve 
the solid in pure dilute hydrochloric acid [R 93], adding little 
by little and covering with a watch^lass between succesmve 
additions to avoid loss by spirting. When the solid has wholly 
dissolved, wash the watch-glass over the dish, and evaporate 
[Hood] the contents of the latter on the water bath, or on a 
beaker of boiling water (Fig. 4). (Avoid loss of time by bor- 
rowing a second Bunsen burner and gas tubing temporarily 
from the storeroom.) Allow the dishes to cool, and weigh. To 
make sure that tiie drying was complete, heat once more for 
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half &n hour and weigh again. This precaution is taken in ftQ 
«n)erinients of this kind. The product ie common salt. Cal- 
ciuate the proportion of carbonate taken to salt produced thua: 

Wt. of carbonate : Wt. of salt : : 1 : x. 

Compare the two valuee of x found from the two differing quan* 
titles of the carbonate and interpret. 

What physical property of hydrochloric acid permits use of 
an excess of the acid without damage to the result? What 
form of statement of the law is vehfira directly by this experi> 
ateatl 
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10. Sonrcss (p. 11, footnote). Heat small quantities of 
barium peroxide, lead dioxide, potafisium nttrate, silicon dioxide 
(sand), and manganese dioxiae (dry this before use by lieating 
it for a few minutes in a porcelwn crucible) separately in a hard 
glass test-tube [Note 27]. Observe whetJier any gas ia pven 
of[, and apply the teet of the glowing splinter of wood [Note 28J. 
If the Bunsen flame proves inadequate, try the blaatr-lamp. 
Note any changes in appearance during the heating and de- 
scribe the residues [Note 29]. Clean the test-tube carefully 
with hot nitric acid [CARE] and dry it [Note 26, p. 10] after 
each experiment. 

Note 27. — Use the clamp and ring-etand to BUpport the tube, 
or grasp it by means of a strip of folded filter paper 
(Fi^. 6). In either case it must be kept in a horizontal 
position, otherwise condensed moisture may run down 
and cause it to crack. 

Note 28. — Use a long splinter of pine wood ^de- 
shelf] bearing a spark at one end (why not an ordinary 
matehT). Sucb a aplinter is at once kindled by oivgen. 
Note 29. — Beginning with this chapter include in 
-. your notes equations for all the chemical changes 

■*** you observe. When no change ia observed, do not 
attempt te give an equation until otherwise instructed 
(Chap. IX). In the present e^cperiments the formube of the 
materials used will have to be sought in the text-book. The 
formul» of the products will also be sought in the book after the 
physical properties ot the product and tie evolution or non- 
evolution of oxyeen have been noted and an indication of what 
to seek for has tnus been obtained. For other information in 
r^ard to the note-book, see the "Cieneral Instmctiona," Notes 
1-5, p. 1. 

11. Catalytic Action. 

a. Place in a test-tube a little potaBsium chlorate, fix the 
tube in a vertical podtion by means of a burette clamp attached 
to the ring-stand, and melt the substance at the lowest tem- 
perature at which this is posable (patienceO. Note whether 
there is evidence of the evolution of oxygen. Now throw into 
the molten material a pinch of powdered manganese dioxide (T) 
[Note 2, p. 1], keeping the face out of the path of anything 
U 
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which may accidentally be projected from the tube, Inteipret 
[R 65, 75]. 

b. Devise a way of showing that the manganese dioxide, 
used as in a, remains unchanged after the action, and that it 
is the potBseium chlorate that loses its oxygen, and try it (T). 
Consult the iostructor in regard to the details of your plaii 
before executing it. 

13. Preparation. Mix on paper about 5 g. of potasdum 
chlorate and 3 g. of powdered, dried (eee 10) manganese dioxide. 
Place the mixtm% in a h^ ^ass teat-tube provided with a one- 



hole cork and delivery tube (Fi^. 6). Test the apparatus to 
see that it is air-tight. (In this instance, place the end of the 
delivery tube in the mouth, withdraw some of the air by auc- 
tion, and note whether or not the tongue will adhere to the 
end of the tube. If it wiD not, there ia a leakage which must 
be remedied.) 

Clamp the test-tube on the ring-stand and heat carefully, 
so as not to cause too violent an evolution of oxygen. Collect 
four bottles of the gaa over water in a pneumatic trough, taking 
care to remove the delivery tube from the water as soon as the 
bottles are full of oxygen (why?). The test-tube may b« 
cleajoed by allowing it to soak in water. 
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18. ProparttM [Note 5, p. 1]. 

a. Place a very small amount of sulphur in & deflagradng 
BDoon, igmt« it and then lower into a bottle of oxygea (1^ 
[Note 2, p. 11. 

Remove the ^ood, add a little water to the jar, cloee the 
mouth with the hand and ahake (7), Teat the water with blue 
litmus paper or solution [R 70-71, 355]. 

b. Fla(» a little red pnosphoruB in the spoon, ignite it, and 
lower into the second bottle (?). 

lYoceed as in a. Test with blue litmus [R 70-71]. 
(If yellow phosphoruH is used, it must (dways be cut under 
water and handled with forceps. Great care must be taken 
not to touch it with the hand, as it catches fire easily, and 
causes very severe bums. Red phosphorus is safer, and should 
' be employed if available.) 

c. Lower a sphnter of glowing charcoal into the third bottle, 
holding it in the tongs or wrapping the end of a piece of copper 
wire round it (?), 

Proceed as in a (use no litmus), and cover the mouth of the 
bottle with a glass plate. Add some linte-water (calcium 
hydroxide) and shake t^in [R 481--482] (?). 

11. Slow Oxidation of Metals. Devise a way of showing 
that air loses a part of its aubatance (not, e.g., that the iron 
gets heavier, but that the (ur diminishes in amount) when 
moist iron powder rusts, and try it. Submit your arrangement 
to the instructor for criticism before u^ng it. 

10. Weight of a Liter of Oxygen [Quant.] (p. 11, footnote). 




ir^ 



a. Powder some potassium chlorate, and dry it on a watch- 
dass on the radiator, or high above a small Bunsen flame, or 
in a drying oven. Construct an aGpirat<»' (Fig. 7), using the 
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Wt. rf tube with chlorate 
Wt. of tube with residue __ 

Wt. of oxygen .^ 

Wt. of beaker with water 
Wt. of beaker — 

Wt. of water i^ 

Temp, in lab. s= 

Temp, near barometer 
Barometric reading 
Correction __ 

Barometer (corr.) 
iqaeoua tenaion at temp, of lab. •.,_, 

Partial preu. ox. = 
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1-liter bottle, and connect it with a hard glass test-tube. F!t 
a noule to the rubber tube and slip a pinch clamp over the out- 
let tube (syphon) in readiness for closing, at a lat«r stage, the 
rubber tube that connects the two glass tubes. Having inserted 
the stopper tightly and connected the test-tube, test the appara- 
tus to see that all the joints are air-tight rinstructions: Place 
some wat«r in the bottle, blow a few bubbles of air into the 
apparatus through the syphon, and observe whether the water 
remains permanently elevated in the vertical tube. Absolute 
certainty that the apparatus is air-tight must be reached before 
proceeding further]. 

Carefully weigh the bard gjass test-tube, then place in it 
between 1 g. and 2 g. of potassium chlorate and weigh again. 
More than 2 g. is not needed, less than 1 g. will not be sufficient. 
Subtraction gives the exact weight that has been employed, 
nil the bottle almost, but not quite, to the shoulder with tap 
water. After reattadiing the test-tube make sure that the 
apparatus is once more air-tight, by repeating the above- 
described test. Next fill the syphon and nozzle completely 
with water by blowing sharply through the latter, and close the 
clamp. Allow the nozzle to touch the bottom of & beaker 
(400 c.c.) containing some water. Now open the clamp and 
raise the beaker till the levels of the water in this and the bottle 
are the some, and the gaseous pressure therefore alike in both. 
Close the clamp again, empty the beaker and replace it in 
position. 

Open the clamp once more and decompose the compound 
slowly by heating, catching in the beaker the water driven 
over by the gas. During the earher stages a smoke, conmstlng 
of sohd particles, will arise. This must on no account be driven 
into the connecting tube, as all the solid must renuun in the 
test-tube to be weighed (why?). Suspend the heating as often 
as may be necessary to let this smoke settle. During such 
intervals of wsiting see that the nozzle U constantly, immersed 
in the water that has already passed over (why?). Stop heat- 
ing if the tube shows Mgns of softening [Note 30, below] or 
when the decomposition is complete. For the purpose of this 
experiment (see 16 b) it is not necessary that the action should 
be carried to completion. If, when the heating is stopped, 
the nozzle is not under water, raise the beaker until it is well 
covered. Allow the whole apparatus to stand until it has 
reached the temperature of the air. Some water will return 
to the bottle by the syphon during the coaling. Admission of 
air to the syphon through the nozzle at any stage will prevent 
this transference, which is essential to the success of the ex- 
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pcriment. Equalize the Jevele of the water in both vessels by 
rfusing or lowering the beaker, and then close the clamp. 

Measure the volume of water ib the beaker by weighing the 
vessel, first with and then without the water, upon the labo- 
ratory scales. The difference in weight in grams represents 
with sviffieient accuracy the numbur of c.c. of water displaced 
and hence of osygen evolved in the operation (what of uie air 
originally in the apparatus?). Weigh the test-tube once more 
wiUi care [Balance]. Observe at the same time the tempera- 
ture in the laboratory to learn the temperature of the oxygen, 
and read the barometer [Note 31, below] to leam the pressure 
of the air and therefore oi the oxygen. 

Subtract the aqueous tension (Appendix ip at the observed 
laboratory temperature from the barometnc reading (corr.) 
to get the true (partial) pressure of oxygen in the bottle. Reduce 
the volume by rule to 0° and 760 mm. The weight of this 
volume of oxygen is obtained by subtracting the weight of the 
residue in the test-tube from the weight of the potassium 
chlorate ori^nally taken. Calculate by proportion from the 
data obtained the weight of 1 liter of oxygen (x) : 

Vol. of ox. found : Wt. of ox. found : : 1000 c.c. : x. 
Calculate also the volume occupied by 32 g. of oxygen. To 
what class of gases would the use of the aspirator be confined 
for purposes like the above? 

Note 30. — To avoid softening of the glass, through overheating, 
watch the color of the Buosen flame. The blue flame is tinged 
with a vdlow color (caused by compounds of sodium in the gl^) 
where the flame encounters the overheated part of the tube. 

NoU 31. — When the barometer is read, the height must be 
"corrected" to that of a column of mercur? at 0° (Appendix I). 

6. Detach the hard glass test-tube from 16 o and drive off 
the last traces of oxygen by heating strongly every portion of 
the tube to which any of the residue adheres. Allow it to cool 
and weigh. Obtain the weight both of the residue (potassium 
chloride) and of the total oxygen by difference. 

Assuming the formula of the chloride to be KCl, that of the 
chlorate is KClOi. The formula weight of KCl being 39.15 + 
35.45 — 74.6, find the formula weight of Ox by the proportion: 

Wt. of Ka found : Wt. of oxygen found : : 74.6 : y, 
where y — Oi. This will be a multiple of 16 by a whole 
number (why?) if the measurement has been carried out suo- 
oessfuUy. What formula do you find for potaasium chIorat«T 
Write uie equation for the decompoation of the chlorate. 
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Wt. of tube with chlorate 
Wt. of tube empty 

Vt. ot cUorato ~ 

Wt. of tube with chloride 
Wt. of tube empty. 

Wt. ot cWorid* = 
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CHAPTER IV. 



HTDROQEK. 



16. Znt«r&ctloa of Metals and Adds. 

a. Place a few small pieces of each of the metals, tin (gran- 
ulated), copper (a nail), iron (filings), isinc (gran.), lead (grau.), 
aluminium (turnings), and magnesium (wire) in separate teat- 
tubes. Place in the measuring cylinder 20 c.c. of pure [Side- 
shelf], concentrated hydrochloric acid [R 93] and add an equal 
volume of water. Add 5 c.o. of the mixture to the contents of 
each test-tube (?). Observe each case critically [Note 32, 
below] and record the results [Note 29, p. 14], noting the order 
of the metals in respect to activity. Notice the effect of heating, 
if no action occurs in the cold. If heating seems to produce 
gas, remember that it may be hydri^en chloride (why?) or 
steam and not hydrogen. The presence of hydrogen may be 
inferred from continued effervescence when heat ia not being 
furnished, and may be proved by the sUght explosion whicE 
follows when a light ia brought to the mouth of the tube. But 
hydrogen will not bum when mixed with much air or with other 
vaporous substances (why 7). After the action has ceased, 
filter any one of the solutions and evaporate [Hood] it to dry- 
ness on the sand bath (?). 

Can you give any grounds for the belief that the hydrogen 
comes from the acid and not from the metal or the water? 

Which metala, not used above, will displace hydrogen from 
dilute acids [R 362, and Appendix VII] ? In what ways, if at 
all, doea the order of activity you have observed differ from 
that accejited by chemists? 

In making the equations for these actions all that is needed, 
beyond the information given above and acquired by obser- 
vation, is to find the formulae of the products. These are not 
here to be sought b^ meaauremeDt, but in the test-book [R]. 

b. Ascertain the influence of the physical state of the metal 
on its apparent activity by adding some zinc dust to the same 
acid [R UlX 

c Place one small piece of pure zinc into each of two test- 
tubes and add diluted sulphuric acid [Desk] to both tubes. 
If little or no action takes place in the cold, try upon one tube 
the effect of heating (7). Try the effect of putting a platinum 
wire in contact with the zinc in the second tube (7). Notice 
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where the hydrogen appears to come from, and explain [R 96]. 
Withdraw the platinum wire, add & drop of cupric sulphate 
solution, and shake (7). la the solution still blue, and is the 
line Btill silvery? What ia the substance upon the ainc [K 361], 
and what effect does it produce upon the apparent activity of 
this metal 7 Explain. 

d Now compare (7) the behavior of concentrated sulphuric 
acid [Desk] with that of the diluted acid used in 16 e, by placing 
some zinc (gran.) in a test-tube and adding enough of the 
concentrated acid to cover the metal (why not more?). After 
noticing the effect in the cold (7), apply heat (?), What prod- 
ucts are formed [Note 32] 7 

e. Try the interaction of acetic acid with nnc (gran.) or iron 
(filingB). Apply heat, if necessary. 

N(Ae 32. — Iq observing an interaction a chemist first mixes the 
substances thoroughly by shaking. If nothing occurs, he- then 
heats. If his eye detects evidence of the production of a gss or 
vapor, he finally emdls the contents of tne tube. Apply theae 
three methods of observation to d before drawing any conclusion. 
17. Other Methods of Obtaining Hydrogen, 
ffl. Describe the result of throwing pieces of sodium and 
of potassium into water, as you recall having seen it [Class- 
room]. What other metals displace hydrogen from water 
pi 36217 

h. Rt a test-tube with a one-hole cork and delivery tube 
(Fig. 6). Pulverize about 2 g. of sodium hydroxide, mix it 
intimately in the mortar with about 3 g. of zinc dust, and place 
the mixture in the test-tube. Insert the cork and dehvery 
tube, test the apparatus for air-tightness (12), and clamp the 
tube in a horizontal position (why?). Heat the mixture and 
collect the gas (?) over water (Fig. 6) 
in a test-tube. If the tube should 
crack [caution!] cease heating at 
once. To leam whether the gas is 
combustible, carry the test-tube, 
when full of the gas, mouth down- 
ward to a flame (7). 

18. Preparation of Hydrogen 
[Same apparatus is used for 1» 
and 20]. Fit a 250 c.c. flask 
. with a safety tube and exit tube 

Pij 3 (Fig. S), and test for air-tight- 

ness. Place in the flask some 
commercial, granulated zinc, close the apparatus, and attach 
to the L-sha^d exit tube, by means of a snort piece of rubber 
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tubing, a loDger ^laes delivery tube. Now pour 30-40 c.c, of 
dilute hydrochlonc acid [Desk] through the safety tube. Test 
the issuing gas until it is found free from air [Instructions: 
The gas must not be ignited at once or the apparatue will be 
blown up {whence comes the air mixed with the hydrogen?). 
Collect samples of the gas from time to time by raising the 
deliveiy tube and inserting it to the upper part (why?) of a 
test-tube held in an inverted position, and tfien bringing the 
mouth of the tube (still inverted) to a distant flame. When 
the gaa contained in the test-tube, after the first explosion of 
the part nearest to the mouth, bums quietly, the gas ia free from 
^r. Call an iastructor to inspect the test]. Keep the appara- 
tus in operation for use in 19 and 20. 
19. VropsTties of Hydrogon. 

a. By collection over water in the pneumatic trough, fill a 
test-tube with hydrogen. Using this, and a similar t«atr-tube 
filled with iur, show by an experiment that hydrogen is lighter 
than air (?). 

Fill another test-tube with hydrogen and apply it closely, 
mouth downward, to a test-tube of air, mouth upward. Allow 
the tubes to remain in this position for three minutes, then 
bring first the lower and then the upper tube quickly to a 
flame (?). What fact about diffusion does the result illustrate? 

b. Fill another test-tube with hydrogen, as in a, and, hold- 
ing it mouth downward, insert into the tube a burning match. 
Does the match continue to bum? Expl^. 

c. Remove the glass delivery tube, and connect a glass 
nozzle with the .exit tube of the generating flask. Press the 
mouth of the nozzle close against the side of a cold, dry beaker. 
If moisture is deposited (what is its source?), fill a U-tube with 
calcium chloride [R 100] and connect it between the exit tube 
and the nozzle. Does the gas now deposit moisture upon a 
beaker? If not, ascertain that the issuing gas is not explosive 
(see test in 18), and set fire to it. What is the color of the 
flame? Does the color change, and, if so, why? Hold a cold, 
dry, inverted beaker over the flame. What is deposited on the 
beaker? Why did we use dried hydrogen for this experiment? 
Keep the apparatus in operation for 20, unless a Kipp's appa> 
ratus is available or hydrogen is furnished in the laboratory. 

Remove the nozzle with its rubber connection and push the 
latter tightly into the end of the gas tubing furnished with the 
Bunsen burner. Connect the otiier end of the tubing with 
the illuminating-gas supply. Tum on a gentle stream of gas and 
set fire to it. Hold a cold, dry beaker over this flame (?). 
What inference in regard to illuminating-gas do you draw? 
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SO. Bedoetlon by Maans of Hydrogen [Two students work- 
ing together]. Fit a hard glass tube, 25-30 cm. long and open 
at botn ends, with perforated corlcs and short glass tubes (Kg. 
9). Support it on the riog-atand by means of a clamp grasping 
it close to one end. Dry 1-2 g. 
of ferric oxide by heating in a 
porcelain crucible. Put the oxide 
mto the porcelain boat and place 
the latter in the hard glass tube 
near the end remote from the 
clamp (why?), but not so near 
that the subsequent heating will 
char the cork. Insert the corks 
with their tubes. Connect the 
tube nearest to the boat with 
/— «— V a Kipp's apparatus and drying 

/ V bottle (Fig. 18) delivering dry 

Plg.Q hydrogen, or with the labora- 

tory supply of the gas, or with 
the apparatus furnishing dry hy^gen used in 18. 

Test the issuing gas to see that it is not explosive (see 18) 
and repeat the test every time the apparatus is opened. Now 
heat the boat and contents, at first gently by wavine the flame 
under the tube, and later strongly until the material is red-hot 
(what temperature is used [R 73] 7). Observe tie effect upon 
the ferric oxide [R 756] (?). Does anjrthiag condense in the 
cooler end of the tube? 

What is the action of steam upon heated iron [R S 
do you reconcile this fact with that observed above? 

Repeat the above experiment, usine freshly heated alunun- 
ium oxide in place of ferric oxide, and otherwise following the 
directions exactly (?), If no effect is noticed after an oxide 
has been at a red heat for three minutes, absence of action 
may be inferred. How do you account for the result obt^ned 
with aluminium oxide? Which oxides are reducible by hydro- 
gen [R 362]? 

Wliat are the commercial and mineraJwcal names given to 
the two oxides used in these experiments ^] i 



(]? How 
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21. Pnrlty of Watv. Place a few drops of distiDed water 
oa a clean watch-gtaas (not an evaporating-dish. Why?) and 
evaporate on the water bath. Do the same with ordinary water. 
Observe whether any stains remain on the glasses (?). What 
class of impurities would leave no trace of their presence in 
this t«st7 

32. Union with Oxides. Place a pinch of cupric oxide in a 
test^ube and wash it by shaking with a little distilled water 
and pouring oS the liquid. Add more water and shake again. 
Teat this latter solution with litmus paper (7). At the same 
time test a sample of the water with litmus paper and 
compare the tints. Repeat with barium oxide (?). 

Becall the behavior of acid-forming oxides examined in 13. 
Some oxides do not interact readily with water (which?). These 
oxides which do interact may be divided, according to the 
natures of the products they give, into two classes. What are 
those classes, and which oxides belong to each? What are the 
two classes of elements whose oxides belong to the two groups, 
respectively [R 119]? 

33. Hy^ates. 

a. Heat some blue vitriol (p. 4, footnote) gently in a 
porcelMQ crucible (7). Allow a very small portion of tbe 
white powder to stand exposed to the air on a watch-glass (7). 
Dissolve the remainder by boiling with the minimum amount of 
water required to dissolve it, and set the solution aaide(7). What 
chemical actions have taken place in these three operations 7 

h. [Quant.] Place small quantities (about I g.) of Glauber's 
salt and of blue vitriol in two porcelain dishes and ascertain 
the gross weight in each case. Allow the dishes and contents 
to remain for 24 hours or more and weigh again (7). Interpret 
the results [R 121]. 

c. Gently warm small quantities of barium chloride, potas- 
sium nitrate, m^nesium sulphate, and potassium dichromate 
separately in dry test-tubes and notice whether they undergo 
any change [R]. 

Are all crystalline substances hydrates? Clasrify the sub- 
stances you have examined into two groups with reference to 
this property. 
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d. Tnke in a test-tube about 5 c.c. of commercial, coQceo- 
to«ted sulphuric add, place in it a crystal of blue vitriol and 
let the materials stand for aa hour, or more (?) [R 3881. Now 
heat the contenta of the tube to tlie boiliog-poiat of tne acid, 
holtUng the test-tube in a teat-tube holder, keeping it far from 
the clothing, and taking care that none of the contents apirt 
out upon the hands or face [caution; Sulphuric acid burns 
are very painful. Note 16, p. 21. After the contents of the 
tube have settled, pour off the clear Uquid into another tube. 
On the following day, examine the little, shining particlea on 
the aidea of the tube. What is their color, and condition? Of 
what are they composed [R 625] ? 

Are the compounds (such as cupric sulphate) which, in pru^ 
ence of water, yield crystaUine hydrates, amorphous or crys- 
talline In its absence? What is the true significance of the 
crystalline condition [R 123] ? 

e. Take a clean match-stick and, after dippii^ it in a solu- 
tion of cobalt chloride, write upon a piece of wnite paper. After 
the writing is dry, warm the paper gently by waving it above 
a Bunsen flame (7). Now, breathe repeatedly upon the writ- 
ing (?). Write equations for the actions that have occurred 
[R759J. 

/. [Quant.] Put about 1 g. of crystals of gypsum in a weighed 
porcelain crucible and weigh again. Place the crucible on the 
clay triaUEle, heat to redness until no further loss in weight 
occurs, and determine by difference the loss in weight (water) 
and the weight of the caelum sulphate remaining. 

The formula of gj^sum must be CaSO,,xH,0. Assuming 
the formula-weights of calcium sulphate (CaSO, — 136) and 
of water (HjO — 18) calculate from your data the value of x. 
Wt. of calcium sulphate : Wt. of water : : 136 : z x 18. 

What is the formula of gypsum? 

24. Bolntion: Oases in 
Liquids. Half fill a 1-liter 

bottle with distilled water, 
cork, and shake vigorously 
till the water is saturated 
with Mr. Take the tempera- 
ture of the water and also 
the barometric reading, Rt 
a ffiTi. 11 flask (100 c.c.) with 
a one-hole cork and delivery tube (Fig. 10) and measure its 
content up to the lower surface of the cork. Completely fill 
the whole apparatus, including the delivery tube, with the 
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prepared water, and boil, collecting the gas in a small test- 
tube inverted over water. When no more gas comes over, 
equalize the levels of the water in the tube and trough (or 
beaker) and mark tbe level in the tube with a, thin rubber ring 
(cut this from a piece of rubber tubing). Measure the volume 
which the air occupied. Correct the volume for the aqueous 
vapor present only, obtaining thus the volume of the fur when 
dry and at the observed temperature and pressure. Calculate 
the volume of air dissolved by 100 c.c. of water at the observed 
temperature and pressure (?). What proportion of its own 
volume of ^r has the water dissolved? 
SB. Solution: Liquids in Liquids. 

a. Take 5 c.c, of carbon diaulphide in a dry t«8t-tube [Note 
26, p. 10], and add to it 5 c.c, of water, a drop at a time, shak- ' 
ingvigoroualyaftereach addition and observing whether at each 
stage the miKture is homogeneous or not (7). 

b. Repeat, using 5 c.c. of ether with water (?), 

c. Mark off on a narrow teat-tube by means of the trian- 
gular file the points at which 10 c.c. and 20 c.c. of water stand, 
respectively. Empty the teat-tube and pour in 10 c.c. of 
water, and then take 10 c.c. of alcohol in the graduated cylinder 
and add it to the water, a drop or two at a time, shaking vig- 
orously after each addition and observing as before. Finally, 
compare the volume of the mixture with that of the componente 
separately (7). 

as. Solution: Solids In Liquids. 

a. Select two large crystals of some soluble, colorecf com- 
pound, such as blue vitriol (or potassium dichromate). Choose 
crj^tals of approximately equal size and so large as to be just 
capable of being slipped into a test-tube. Reduce one of the 
crystals to a fina, uniform powder in the mortar. Note and 
account for the change in tint (?). Now place the crystal and 
the powder in separate test-tubes, and provide two corks which 
fit the mouths of the tubes. Add 20 c.c. of water simulta- 
neously to each tube, and insert the corks. Read the time 
on a watch and shake the tubes simultaneously with vigor, 
notitig the time at which the solid finally disappears in each 
tube (?). Account for the difference. 

b. Reduce to a fine powder 10-15 g. of potassium dichromate, 
using the larger amount in warm weather, the smaller in cool. 
Prepare a saturated solution of the substance by placing it in . 
a flask with 50 c.c. of water and shaking at intervals for ten 
minutes. So much of the solid must be taken that an undis- 
solved residue remains. 
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Take the final temperature of the solution. Now pour flie 
clear solutioa into a burette attached to the ring-atand, fiUing 
the apparatus completely to the point of the nozzle with the 
Uquid (7 6). Read the level of the Jower aide of the meniscus. 
Weigh [Quant.] a clean, dry evaporating-dish, run into it about 
22-24 c.c. of the solution, and weigh [Quant.] the dish and con- 
tents. Read also the level of the meniscus and not« the volume 
of solution used. Now evaporate the weighed portion of the 
solutioa completely to drjTiess upon a water bath, or on r 
beaker of boilinE water, and weigh again. Determine by dif- 
ference the weights of the dry dichromate here found, and of the 
water in which it was dissolved. Calculate from the data the 
weight of dichromate which would be dissolved by 100 c.c, of 
water at the observed temperature. 

From t^e volume of the part of the solution evaporated, and 
the weight of dichromate found in it, calculate also the molu 
eotubihty [R 149] of potassium dichromate at the observed 
temperature. Compare the results with those which would be 
obtuned with potassium chromate KjCrO, (Appendix IV) (7). 

c Take about 6 g. of the dichronaate and boil with 10 c.c. 
of water in a test-tube. Is the solubihty at this temperature 
different? Allow the clear solution to cool (7). Explain the 
result. What sort of curve of solubihty would this substance 
exhibit (Appendix V)f 

Take about 6 g. of sodium chloride and boil with 10 c.c, of 
water in a test-tube. Four the clear liquid immediately into 
anoth«r test-tube. Examine this when cool (7), la salt much 
less soluble in cold than in boihng water? How would its^urve 
of solubihty differ from that of potassium dichromate? 

d. Shake some powdered calcium sulphate with cold, recently 
boiled, diatilled water, Aacettein whether any of the salt has 
gone into solution (21), Repeat with chalk (calcium carbo- 
nate), rejecting the water with which it is first shaken (?). 
Whicn of these substances do you find to be more soluble? 
What are the amounts of these salts dissolved by 100 c.c. of 
water at 18° [R Appendix IV] ? In what ratio is calcium 
sulphate more soluble than calcium carbonate [R Appendix IV]? 
In what ratio is calcium chloride more soluble ^an calcium 
sulphate [R] ? Which of all these substances are spoken of as 
''insoluble"? 

e. Take about 10 c.c. of water in a teat-tube, add to it not 
more than 1 c.c. of lead nitrate solution, and mix. Now add 
about 2 c.c. of dilute hydrochloric acid (7). Repeat, heating 
tile mixture to the boiling-point before adding the hydrochloric 
acid (?). FiTft"''"q this tube again, after the contents hav» 
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cooled (?). Interpret the result. Is lead chloride an "insol- 
uble" HubstaJice [R Appendix IV]? 

/, Take about 10 o,c. of water in each of two teert^tubes. 
To one portion add Glauber's salt, previously pulverized in a 
mortar, until, after shaking, a considerable excess remains un- 
dissolved. Saturate the other portion with anhydrous sodium 
sulphate in the same maoner. Perform the last operation 
rapidly, taking care not to introduce any particles of the hydrate, 
and do not let the solution stand before use. Now decant the 
two liquids into clean test-tubes, disregarding the cloudiness 
of one of them. Then add a httle of the anh^roua substance 
to the solution Srst made and a small crystal of Glauber's 
salt to the contents of the second test-tube and shake both (?). 
After a short time, examine the contents of each again (?). 
Intermet the results [R 160-161]. 

g. Two immiscible solvents. Place one small particle of 
iodine in each of three test-tubes and add to one water, to the 
second potassium iodide solution, to the third carbon disul- 
phide, and shake each (7). If any iodine renudns undissolved, 
pour off that solution into a clean test-tube. Now add a drop 
or two of carbon disulphide to the first two solutions, shake again 
(?), and describe carefully what seems to have happened. Deduce 
from this the relative solubility of iodine in the three solvents. 

27. Properties of SolntionB; Tapor pressure and Boiling- 
Point 

a. Place some dry potassium carbonate (or pulverized cal- 
cium chloride) in a small beaker or crucible. Set the vessel in 
an evaporating dish containing water, and invert over it a 
larger beaker so that the edge of the latter is under the liquid. 
Examine the material from day to day (?). Remembering that 
there is moisture upon the surface of even "dry" bodies, and 
that therefore a solution of potassium carbonate was present 
with the solid, explain the change [R 162]. To what class of 
substances do those which deliquesce all belong? Is dehques- 
cence a physical or a chemical phenomenon? 

6. Fix a test-tube containing about 10 c.c, of water in a 
clamp upon the ring-stand. Suspend the thermometer from a 
ring by means of a thread, in such a way that the bulb is im- 
mersed in the water. Boil the water, using a small Bunsen flame, 
and read the temperature (?). Now add to the boihn^ water 
about 2-3 g. of dry calcium chloride, and, after solution is com- 
plete read the temperature of boiling again {?). Add another, 
equal portion of calcium chloride and repeat the temperature 
reading after the whole has dissolved (?), Explain [R 162]. 

c. If pulverized ice were to be added to water until the 
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solid no longCT melted, what would be the temperature of the 
mixture? Ii ice were to be added to the aqueoua solution of 
some subetance, until the ice no longer meli»l, how would tlie 
temperature differ from that of water and ice? Why does this 
difference exiflt [R 163] ? Why does salt thrown upon ice cause 
the latt«r to melt [R 164] ? 

38. PTOpsrtlw of Bolationa: Vofaima ObangM and Thennal 
EflMta. 

a. Becall the chanee in volume obeerved in 31! c when alcohd 
and water were mixed (?), 

b. [Quant.]. Take about 25 g. of potaadum carbonate and 
determine its weight to the nearest tenth of a gram. Assum- 
ing the specific gravity of this substance to be 2, calculate the 
volume of the amount you have taken (?). Place in the 
graduated cyhnder exactly 85 c.c. of water and take its tem- 
perature. What is tile sum of the volumes of the water and the 
carbonate, separatelyf Add the weighed specimen of potas- 
sium carbonate to the water, dissolve by repeated inversion 
of the cylinder, closing the mouth of the latter with the hand, 
and read the volume of the solution (T). Read also the tem- 
perature of the solution immediately. Is there a change in 
volume, or in temperature, on dissolving two substances in one 
another? 

What relation exists between the sign of the thermal effect 
when a substance is dissolved in a nearly saturated solution of 
the same substance, and the change of solubility with tem- 
perature [R 2601? What do you infer in this case? 

c. Examine tne solubility curve of anhydrous sodium sul- 
phate \R 158] (7). Will this compound give out or absorb 
neat in dissolving in water [B 260] ? Verify your conclusion by 
trying the experiment (?), 

d. Repeat b, using about 25 g. of ammonium chloride (sp. 
gr. 1.5). Make the same observations and answer the same 
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CHAPTER VI. 



29. Preparation, of Cbloiine [Hood]. 

ExperimentB 29 b aod 30 must be accomplished at one ex- 
ercise. 29 o may be postponed to facilitate this. 

a. Prepare some strips of filt«r paper by dipping them in 
Btarch emulsion JSide-ahelf } to which you have oddra one drop 
of potassium iodide solution. 

Place small quantities of finely powdered manganese dioxide, 
potasaum chlorate, lead dioxide, and pure litharge in as many 
test-tubesj and add a little commercial, concentrated hydro- 
chlorig acid [Desk] to each. Notice the color (?) and odor (7) 
of the gas in each case. If no action takes place in the cold, 
apply heat. Dip into the gas in one of the teat-tubes a strip 
ol the prepared paper (7), How do you account for the differ- 
ence in the behavior of the two oxides of lead? Do all com- 
pounds containing oxygen give free chlorine in this way? If 
not, state what is common to those which do. 




b. Fit up a 250 c.c. ^nerating flask, as in Fig. 11 with a 
dropping-fimnel (or substitute 36 6) 
and an L-shaped glass tube at- 
tached to the exit tube. Use the 
shortest possible rubber connec- 
tions here and in 31 (hydrogen 
chloride), as rubber tubing is 
destroyed by these gases. Test 
the apparatus to see that it is lur- 
tight. Place in the flask about 
20 g. of dry potassium permanga- 
nate, and fin the ^obe of the 
dropping-funnel with diluted, 
commercial, concentrated hydro- 
chloric acid (1 Aq. : 3 acid). Allow the delivery tube to dip 
to the bottom of a small beaker containing a Uttle sodium 
hydroxide solution [De^j. Now admit the acid drop by drop, 
regulating the Sow so that too rapid a stream of gas is not 
produced. The complete displacement of the air in the flask 
will be recognized by the color of the contents and the fact that 
the bubbles of pure chlorine are completely absorbed by the 
aodium hydroxide. 

29 
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When the air has all been displaced, fill three dry bottles and 
one dry teat-tube with the gaa by downward difiplacement, 
obaerving the following precautions: Provide a piece of stiff 
paper or card, perforatea with a hole for the reception of the 
oeUvery tube, to cover the bottles during the filling, and cover 
the vessels with glass p1at«s as soon as they are full. See that 
the dehvery tube reaches to the bottom (why?) of each vcskI 
during the filling. Replace the end of the. dehvery tube in the 
sodium hydroxide when all the vessels have been filled. When 
the experiment is over, pour the contents of the generating 
flask into the sink in the hood, and not into one of the sinks in 
the open laboratory, and wash down with much water. 

80. PropertieB of Ohlorlne [Hood]. 

a. In one bottle of the gas scatter a pinch of finely pow- 
dered antimony [R 715] (7). 

6. Take a clean piece of sodium [From Instructor] and cut 
from it a very thin alice not more than one-half inch square 
(fingers and knife used in handling" sodium must be dryl). In- 
troduce this piece into a bottle of chlorine (?) and cover at once 
with a glass plate. Examine after half an hour. If any of the 
metal remains unattacked, scrape off the white deposit and 
place it upon a watch-glass, and throw the sodium into the 
dnk in the hood. Add the material on the watch-glass to 
that in the bottle and dissolve in 2 c.c. of water. Allow the 
solution to stand in a watch-^ass until it dries, and examine 
the crystals with a lens (?). 

c. Connect a glass nozzle with the illuminating-gas supply, 
and lower a small, burning gas-jet into the third bottle (7). 
Blow the breath into the bottle after withdrawing the jet (?). 

d. Fill a test-tube with hydrogen from a Kipp's apparatus 
or from the laboratory supply. Bring this tube mouth to 
mouth with a tube of chlorine and mi-r the gases by repeated 
inversion, (Take care not to expose the mixture to direct sun- 

ght.) Hold the mouth of each tube to the Bunsen flame (7). 
>ae the mouth of one tube quickly with the thumb, add a 
few drops of water, shake, ana test the solution with litmus 
paper (?). 

81. Pieparatlon of Hydrogen Ohloiide. 

a. [Hood] Place small quantities of ammomum chloride) 
barium chloride, mercuric chloride, and sodium chloride in as 
many test-tubes, and add a few drops of concentrated sulphuric 
add [Desk] to each (?). Describe what happens in each case. 
Blow moist air across the mouth of the test-tube (?). Lower a 
dass rod dipped in ammonium hydroxide solution into each 
p4ote 33, below]. Try the effect of heating. Remember that 
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the solubility (physical) of the subetance in sulphuric add will 
lai^ly detennine the speed of the action. In case of difficulty, 
therefore, take a fresh sample of the solid, pulverize it finely, 
and shake with the acid for some minutes before heating and 
testing. Arrange the substances in the order of apparent 
sctivity. 

b. To a pinch of finely powdered sodium chloride add a 
itrong solution of phoB[>honc acid and heat if necessary [R 17d] 
(7). Test with ammonia as before. The above remark about 
eolubihty applies also to this case. 

Why la hydrogen chloride displaced completely in a and b 
by these adds under these conditions [R 180]7 

e. [Hood] In a 250 e.c. flask (Fig. 11), fitted with dropping- 
funud (or substitute, 30 b) and L-shaped delivery tube, place 
about 30 g. of common salt. Admit concentrated suh)huric 
add through the funnel. Collect the gas in three dry bottles 
by downw^ displacement (using a perforated square of paper 
or card as in the case of chlorine), cover, when filled, with gkaa 
plates and reserve for 32. FL-m« about 10 c.c. of distilled 
water in a test-tube, attach a nozzle to the delivery tube, and 
allow the gas to bubble into this for a few minutes (?). Re- 
serve the aqueous solution also for 32. Write equations for the 
two possible interactions of salt and sulphuric acid. Which of 
the two takes place under the above conditions? 

Nola 33. — The use of ammoma is not a specific test for hydio- 
gen chloride. It con be used only for aacertaicing the presence or 
absence of any one of several gasea, usually of acidic character, 
which are capable of uniting with ammonia. 

In writing the equation here, and whenever the sanie test is 
used, consider whether the interaction took place with the liquid 
on the rod (containing NH,0H1, or with the gas (NH J given off by 
this liquid. Note the odor of this gas (?) . 

82. PropertlaB of Hydrogen Ohloilds and of Hydroehlorio 
Add. 

a. Invert one of the bottles of the gas in a dish of water (TJ. 
Relate this property to that observed on bloving moist air 
into the gas (31 a). If any gas remans, what should you 
exped; it to be? Test your conclu«on experimentally. 

h. Pour a little ammonium hydroxide solution on a strip of 
filter paper and plunge this into the second bottle (?) [Note 
33, above]. Describe the difference between these fumes and 
those formed by IJie action of moist air upon the gas (31 o). 

c' Devise a way of proving, in a, rouen way, that the j^ is 
heavier than ur, and use the third bottle of gas for carrymg it 
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Perform the following expemneuts with the aqueous solu- 
tion prepared in 31 c. 

d. Test the solution with litmus paper. 

e. To a part add a granule of zinc (?}. 

/. To a part add a ei^tal of sodium carbonate [R 480] (T). 
g. Dilute the remaining portion of the acid solution with an 

XI volume of water and distribute it between three test- 
8, To one test-tube add a drop or two of mercurous nitrate 
solution (T), to the second a drop of lead nitrate solution (7), and 
to the tlurd a drop of silver nitrate solution {?), After allowing 
the contents of each tube to settle, pour away the liquid, add 
water, and boil (?). Allow to cool, and note, by the appearance 
(rf erystala, which of the precipitates is soluble in hot water. 

These precipitates are given, not only by hydrochloric acid, 
but by any chloride, and are, therefore, means of recognizing 
the presence of the i^oride radical which is common to ail 
chlondes. 

33. Theory of th« Method Used in Preparinf Hydrogen 
Ohloride. To a concentrated solution of sodium-hydro^n 
sulphate add pure concentrated hydrochloric acid (?). Add 
the acid a very little at a time to avoid over-rapid precipita- 
tion, and agitate between additions. The lonzer the operation 
takes,_ the better. Examine the result with a lens (?), 

Write the equation for this action. What relation does this 
action bear to that in 31 c? What circumstances determine 
the directbn of a reverable action [R ISO]? 
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CHAPTER Vir. 

BQHITALENT WmGHTS, WOVMOLM, EQUATIONB. 

34. Oompoeitloii of Carbon Dioxide [Quant. Two students 
working together]. Fit a piece of hard glass tubmg, 25-30 cm. 
long, with perforated corks. Insert at one end a short piece 
of glass tubing and at the other a U-tube, as in Fig. 12. The 




inner e<^es of the hard ^ass tube should be rounded vith a 
file, or flared by use of the blastr-lamp and a piece of charcoal. 
Rubber atoppere will give tight joints more surely than corks. 
Attach to tne U-tube by means of a cork a short, straight tube, 
of the diameter of a narrow test-tube, which has been drawn 
out [Bunsen flame] so as to leave a small opening at the free 
end. Arrange a loop of thread [Side-shelf] with which to sus- 
pend the U-tube from the balance. Pla<% in the hard glass 
tube a plug of granular cupric oxide, about 4 cm. in length. 
This may oe held in position by small wads of asbestos. The 
cupric oxide and asbestos must be dried by heating in the 
pOTcelain crucible before use. Put about 0.2 g. of pure dry 
■ug&r-charcoal [Instructor] in a porcel^n boat, weigh the 
boat with contents, and set it in the tube close behiiid the cuprio 
oxide. Make a few c.c. of a strong (approximately 30 per 
cent) solution of potassium hydroxide, fill the bend of the 
U-tube with it, and charge the small tube beyond with frag- 
ments of BoUd caustic potash. Test the apparatus with the 
geatest care to see that it is absolutely air-ti^t Jlnstructictns]. 
finally, immediately before starting the combustion, weigh the 
connected potash tubes, replace Utem in portion, and test 
onoe more for air-ttghtness. 

Slip a cylinder, made by rolling a piece of wire gau», over 
tb6 hard glass tube, connect the latter with the' oxygen cylii^ 
der (or other source of oxygen), and heat the part contaming 
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the boat and cupric oxide with two burners (extra Biinsen 
burner from etoreroom). Turn on the oxygen with care and 
regulate the stream bo that the carbon may burn slowly and 
not more than 15-20 bubbles of unused oxygen escape per 
minute. A more rapid stream will involve the loss of carbon 
dioxide. Heat the front of the boat first and let the glow, 
caused by the combustion, travel along. The burning will take 
30-45 minutes. Continue the stream of oxygen for 4-5 minutfis 
after the carbon is completely burned (why?), then disconnect 
the potash apparatus and wei^ it. A more accurate result ia 
obtained by finally displacing the oxygen by air (why?). After 
the tube has coaled, weigh the boat with any ash it may con- 
tain. Return the cupric oxide to the bottle. 

The loss in weight of the boat gives the amount of car- 
bon; the g^n in weight of the potash apparatus, the amount 
of the carbon dioxide. The difference of these two gives the 
oxygen. 

Calculate from your data the weight of carbon combining 
with 8 parts of oxygen. 

Wt. of ox. found : Wt. of carbon found : ; 8 :x. 

This gives x, the combining weight [R 46] of carbon. This 
weight of carbon is equivalent [R 49] to those amounts of other 
elements which likewise unite with 8 parts of oxygen. 

Assuming the atomic weights of carbon ana oxygen to be 
12 and 16 respectively, calcuLite from your data the formula of 
carbon dioxide [R 57]. 

Make the equation representing the action. 

8S. Oomposition of an Oxide of a Uetal [Quant. Note 22, 
p. 7]. On account of the difficulties attending the making, 
the collecting, or the weighing of most oxides formed by direct 
imion, the following indirect method is suggested. It conusts 
in converting a known weight of a metal into the nitrate of the 
metal by the action of nitric acid, and obtaining the oxide by 
decompoution of this salt. Attempt no equations for theso 
actions. 

a. Composition of an oxide of iron. W^gh an evaporating- 
dish of medium size, place in it about 1 g. (12 inches) of pure 
iron wire, and weigh aeain. Cover the dish with a watch-^ass, 
convex side downward, and add 10 c.c. of pure dilute nitric 
acid. Set the dish, covered, on the water bath until the iron 
has dissolved, adding a few drops of concentrated nitric acid 
if any of the wire remains unattacked rinstructions]. Then 
rinse the cover-glass carefully into the disn and remove it, and 
evaporate the solution to dryness on the water bath or on a 
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beaker of bdling irater [Hood]. When the remdue (what is 
it7} is dry, place the dish on a clay triangle supported oa the 
ring-stand and heat carefully with a burner held in the hand aa 
long as any red fumes ore given off. During this proceBs, and 
especially at first, great care and patience must be exercised, 
as too rapid heating may cause solid particles of the product to 
be thrown from the veaae]. If any crackling noise is observed, 
remove the burner at once. When, after final strong heating 
of every part of the material, red fumes or other evidence oi 
continued change can no longer be perceived, allow the dish 
and contents (7) to cool and weigh them. To make sure that 
the decomposition was complete, heat once more, cool, and 
weigh again. This precaution is always necessary in experi- 
ments of this nature. 

The difference of ibs weights of the metal and of the oxide 
gives the weight of oxygen combined with the known weight 
of iron. 

Calculate from your data the wegbt of iron (x) combining 
with 8 parts of oxygen. 

Wt. of 01. found : Wt. of iron : ; 8 : x. 

This is the combining weight [R 46] of iron in this oxide. 
This weight of iron is equivalent [R 49] to those flmounts of 
Other elements which hkewise unit« with 8 parts of oxygen. 

Assmuing the atomic weights of iron and of oxygen to be 55.9 
and 16, respectively, calculate from your data the formula of 
the oxide of iron [R 57]. What is the name of this oxide? What 
Other oxides of iron are known [R] ? 

b. Pure zinc (about I g.) may be used instead of iron. The 
manipulation is the same as in 38 a. The residue from evapo- 
ration is a syrup-hke body, however, which cannot be dried, 
^ctra caution must, therefore, be used in heating this to avoid 
loss by spirting. . 

Calculate the combining (equivalent] weight of sine and the 
formula of the oxide as in fUS a. 

c. Ma^esium wire (about 1 e.) may be used instead of zine 
(36 b). Equal care is required during the evaporation and 

* heating. Tm (about 1 g.) may also be used. 

36, Equivalent Weight of a Metal by DispUdng ^diogan 
[QuantJ. 

a. First fill the pneumatic troug;h and 1-llter bottle with 
water so that the liquid may acquire the temperature of the 
room. Fit a 100 c.c. flask somewhat as in Fig. 8, using in place 
of the thistle-tube a dropping-funnel (see 86 b). To carry a 
douUy-bored cork the mouth of the flask must be rather mde. 
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k larger flask than 100 c.c. must not be employed on account 
of the waste of acid its use would entail. The stem of the 
dropping-funnel must reach to the bottom of the fladt, and the 
inner end of the L-tube must not project below tbe bottom of 
the cork. Attach a rubber or glass delivery tube and see that 
the apparatus is uT'tight. Weigh a piece of chemically pure 
zinc, taking about 2 g. Without detaching your platinum wire 
from the ^ass rod, wrap it tightly round the zinc (why)? and 
allow the whole to slide gently into the flask. Fill the appara- 
tus completely, from the top of the st«n of tbe fuimel to the 
tip of the dehvery tube, with water. Cl<»e tbe stopcock when 
the bulb has almost emptied itself. Invert the l-Uter bottle, 
filled with water, on the shelf of the pneumatic trough, and put 
the delivery tube in position. 

Fill the globe of the funnel with pure concentrated hydro- 
chloric acid [Side-sbelf] and admit tlus to the flask, a Uttle at 
a time, in such a way that a steady, but not too violent, action 
takes place. A good deal will be needed at first before suffi- 
ciently rapid action be^ns (why?). When the metal is entirely 
dissolved, drive all the gas over into the bottle by pouring water 
once more through the funnel (be careful that no air ia carried 
over with the water). 

The weight of the hydrogen which has been displaced by the 
weighed quantity of zinc is to be ascertained in this experiment, 
not Dy direct weighing, butj &a follows, by measuring the volume 
of the gas and caJculating its weight from this and the density 
of hydrogen; 

Wlien the gas has acquired the temperature of the water and 
room, lower «ie bottle until the level of the water outside and 
inside ia the same. If there is still a good deal of waf«r in the 
bottle, the latter may have to be indined to accomplish tiiis 
and the following operation. Close the bottle with a cork while 
it is in this position and remove it from the trough. To find 
the volume of the gas, weigh (to the nearest gram) the bottle 
as it slands on the laboratory scales, and also completely filled 
with water, and subtract. Since 1 c.c. of water weighs approx- 
imately 1 g. the number of grama in this difference gives at once 
the number of c.c, of hydrogen. Why is this method of meas- . 
uring the volume of the water more accurate than using the 
paduated cylinder? Record the temperature of the hydrogen 
by reading a thermometer hung in the laboratory close to the 
apparatus. Read the barometer, and record the corrected 
reading [Note 31, p. 18], Since tbe hydrogen is mixed with 
water vapor, correct for the latter by subtracting the aqueouB 
tension (Appendix II) at the observed laboratory temperature 
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from the corrected barometric reading. Tim gives the tnie 
partial pressure of the hydrogen. 

Reduce the volume of the hydrogen, by rule, from the ob- 
served temperature and partial preBsuie to 0° and 760 mm. 
Find by calculatioD (1 hter weighs 0,09 gr. at 0' and 760 mm.) 
the weight of the hydrogen obtained. Calculate the equi- 
valent weight of zinc, i.e., the weight of the metal (x) which 
displaces 1.008 g. of hydrogen: 

Wt. of hyd. : Wt. of zmc : : 1.008 : x. 

Calculate from the result how many equivalent weights of 
hydrogen would be displaced by 65.4 g., the gram-atomic 
weight, of zinc. What is the valence of zinc? How many for- 
mula-weights of hydrogen chloride are required to furnish the 
Sdrogen dlsplaceable by one atomic weight of zinc? Write 
i lefl>-hand side of the equation in accordance with this 
result. 

Wash the trough carefully until it is absolutely free from 
acid, and put it away in an inverted pomtion to avoid rusting. 

b. The above experiment may be performed with magne- 
sium (about 0.9 ^.), iron (about 1. 3 g.), or aluminium (about O.S 
g.) in place of zinc. 

In the absence of a dropping-funnel, a aubstitute may be 
made by connecting a funnel with a striught tube by means of 
a rubber joint closed with a pinch clamp. Or, the aspirator 
(Fig. 7) may be used here, the metal (half the above quantities^, 
water, and a smaller tube containing the acid being placed m 
the test-tube, and the mixing being effected by inclming the 
battle after the apparatus is connected. 

37. Intoi-Eqnivalence of Eqnlv^ent Weights (Law of Rfiup- 
' rocal Proportions). If 36 b was performed, compare the quan- 
tity of zinc which combined with 8 g. of oxygen with that which 
in S6a was found to displace 1.008 g. of hydrogen. If they are 
identical, these two quantities of oxygen and hydrogen are 
chemically equivalent and ma^ combme with one anoth^. 
What substance has precisely' this composition? 

If magnesium was used, m 36 6, compare the quantity wiUl 
that combining, in 3& c, with 8 g. of oxygen and answer the 
same question. 

98. Oombinlng Wolgbts of Zine and OUotlne [Quant.]. 
(From Torrey's Elemeniary Studies.) Wei^ an evaporating- 
dish of medium size and place in it about 2 g. of pure zinc. Add 
a little diluted (1 Aq. : 2 acid), pure, concentrated hydrochloric 
acid [Side-shelf] and cover with a watch-glass, convex side 
downward. If the action is veiy iilow, the tip of a platinum 
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wire may be placed in contact with the zinc. Mtuntun a brisk 
action by further additions of concentrated hydrochloric acid 
in very small amounts at a time. Final excess of the acid should 
be avoided, aa time will be lost in the subsequent evaporation. 
When the metal ia completely dissolved, rinse the cover-glass 
and platinum wire carefully into the porcelain dish and remove 
them. Al'ow the solution to evaporate aa far aa possible on 
the water bath or on a beaker of foiling water [Hood]. Now 

Slace the dish on the ring-stand, and, using a small Bmisen 
ame, allow the syrup-Uke solution to evaporate slowly to 
dryness. Then heat the white mass to the point at which 
it has completely melted and no further. The best way to 
achieve this with the minimum rise in temperature is to let the 
Bunsen flame play on the surface from above. Overheating 
must be avoided, because the product is volatile at high tem- 

Kratures. The moment the dish has so far cooled that the 
nd can be borne upon the bottom, wipe the dish carefully 
and weigh it. The substance absorbs moiature greedily from 
the atmosphere, hence expedition is required in cooUng and 
weighing if accurate results are to be obtained. To insure 
accuracy, the melting, cooling, and weighing should be repeated, 
and the lower result taken as correct. 

Calculate, from the data obtained in this experiment, bow 
much chlorine combinea with the equivalent weight of zinc 
found in 36 a. This amount is the equivalent wogbt of 
chlorine (x) : 

Wt. of zinc: Wt. of chlor. ; ; Equiv. of zinc : x. 

Assuming the atomic weights of zinc and chlorine to be 65.4 
and 35.45 respectively, determine the formula of zinc chloride. 

Express the whole action of hydrochloric acid on zinc in 
symbols by making the equation in accordance with these 
conclusions. Which of the factors in the equation have you 
determined experimentally, and which not? What law do we 
use in assuming that the undetermined factors are correct? 

39. Oombininff Weights ol Lead or Sliver and Obloiine. 
From the weights of lead (9 a) or silver (9 b) and chlorine 
found to combine, calculate the formula of lead (or ^ver) 
chloride. 

40. Multiple Proportions [Quant.]. 

a. (Two students working together]. Fit a hard glass tube 
with corics through which pass short pieces of narrow glass 
tubing (Fig. 9). Fix the tube in a clamp upon the ring-stand, 
' attacmng the clamp close to cue end so that the rubber cover- 
ing of the clamp may be away from the central part which is to 
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be beated. Make sure that the apparatus Jb air-tight. Dry 
Bome pulverized cupric oxide by lieating it in a hard glasa test- 
tube. Weigh two clean, dry, porcelain boatB, and place in one 
about 1.5 g, of the cupnc oxide and in the other 2.5 g. or more 
of cuprous oxide * [From Instructor] and weigh each again. In 
recording the weighta and in handling the boats be careful to 
distinguish the one from the other. Place the boats in tha 
hard glass tube, so that the points of the boats touch in the 
center of the tube. Connect the end nearest to the cuprous 
oxide with a source of dry hydrogen (Kipp's apparatus and 
drying-bottle, or laboratory supply). 

Pass a gentle stream of hydrogen through the apparatus 
until a test (?) shows that the air has all been displaced. Re- 
duce (why?) the speed of the gas until the bubbles in the wash- 
ing-bottle can easily be counted. Now heat the boats moder- 
ately, be^noing with that contmning the cuprous oxide. What 
collectB in the cooler end of the tube? Wliere does it come 
from? When the action, which requires 10-15 minutes, is 
finished, allow the boats to cool in a stream of hydrogen. Weigh 
the boats and contents (?), taking care not to interchauee 
them. To ascertain whether the action is complete, heat the 
boats once more in hydrogen, cool, and weigh again. 

Determine by difference the weights of oxygen and copper in 
each case, and calculate from the data how much copper is 
combined with 8 parts of oxygen in each of the two oxides. 
What b the ratio of the two vdues of copper? Show that the 
result illustrates tim law of multiple proportions. 

Assuming 16 and 63.6 to be the atomic weights of oxygen 
and of copper, respectively, calculate from the data the formula 
of each oxide. Construct ttie equations representing the 
action of hydrogen upon each oxide. 

b. Pure lead dioxide and pure lead monoxide may be used 
as in a, if available. The monoxide, however, absorbs carbon 
dioxide readily from the air, and therefore does not keep well. 
The experiment must, therefore, be tried by the instructor 
before the material on hand is given to the class. Lead mon- 
oxide is more difficult to reduce than the dioxide. The heat- 
ing in a stream of hydrogen must be repeated to constant 
weight. 

e. If the quantitative decomposition of potassium chlorate 
(16 b) was carried out, dried potassium perchlorate may be 
decomposed in. the same way and the results comp»^d. Weigh 
an open, long, hard glass test-tube. Place in it about I g. of 
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potaaaum perchlorate and weigh agtun. Then heat the tube 
and drive oS the oxygen slowly, and weigh again. Heat 
strongly once more, to constant weight. Aacertain by differ- 
ence 3ie weights of potassium chloride (residue) and of oxygen. 

The formula of Uie perchlorate is KClOj'. Calculate from 
your data how much oxygen (OiO is combined with 74.6 g., the 
formula-weight, of potassium chloride (KCl). This resuU, the 
formula-weight of tne oxygen, will be a multiple of 16. Com- 
pare this formula-weight of oxygen with that found in the 
experiment with potassium chlorate, and show how the resulte 
iUustrate the law of multiple proportions. Find the formula 
of potassium perchlorate and write the equation for the decom- 
position of the compound. 

41. Dolonir and Fetit'a Law. According to Dulong and 
Petit [R 211], if the correct atomic weight, when it has been 
found, is multiphed by the specific heat of the element in the 
sohd form, the product is a number which in moat caaes lies 
between 6 and 6.8. 

Take the values of such combining weights or equivalents 
aa you have found experimentally, viz., iron (3fi a, 86 h), zinc 
(8B 6, 88 a), magnesium (36 c, M 6), aluminium (3e 6), silver 
(39), copper (40 a, two values), or lead (39, one value, and 40 b, 
two values), and multiply each by the carreapondijig specific 
heat (Appendix HI). If the result is about 6.4, the atomic 
weight is the same as the equivalent weight. If not, multiply 
the equivalent wei^t by the smallest integer which will brms 
the final product within the limits 6 to 6,8. The integer used 
is the valence of the element, and the product of the equivalent 
weight and the valence is the atomic weight. Show the working 
in your notes and give a liat of the atomic weights and valences 
found. In tiie case of copper or lead, distingmsh the valences 
in the two compounds. 
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Chlorinb (Ch&p. VD and the elements to be studied in this 
oh&pter form a group naviag very eimilar properties, and are 
called the halogens. Becall the facts about chlorine and 
hydrogen chloride, and use them as a guide in trying to under- 
stand the chemistry of the rest of the group. Remember 
particularly that chlorine is colored, haa a powerful odor, and 
does not cause fumes in moist air; and that hydrogen chloride 
is colorless, and causes dense fumes in moist air. The corre- 
sponding substances throughout the group may be expected to 
present properties hke these. Thus, ue elements are ^ colored 
substances, the hydrogen compounds are all colorless and fume 
in moist air. The hydrogen compounds, hydrogen chloride, 
hydrogen bromide, etc., are known as the nydrogeu halides. 

42. Preparation of Bromine [Hood]. Powder about I g. of 
potassium bromide, mix it in the mortar intimately with about 
2 g. of pulverized manganese dioxide, and place the mixture in 
a test-tube. In a second tesl^-tube dilute 2-3 c.c. of concen- 
trated sulphuric acid[Desk] with half its volume of water (add tbe 
acid, cautiously, to the water) , and mix with the contents of the 
first testr-tube enough of this solution to moisten the materials 
thoroughly, and no more. After allowing the mass to stuid 
for a few minutes, apply a gentle heat to the tube, and note 
the color and behavior of the vapors evolved (7). Apply a 
strip of filter paper moistened with a starch-potasmum iodide 
emulsion (29 a) to the mouth of the tube (7). 

What other materials might be substitute for the potasEuum 
bromide in the above experiment? 

43. FTop«rtl«H of Bromine. 

Shake up one drop of bromine [caeb. Do not spill upon the 
hands] with 10 to 15 c.c. of wat«r in a test-tube, and divide the 
solution ("bromine-water") between four test-tubes. 

a. To one of these add 1-2 c.c. of ether, and shake (7). Note 
the relative solubility of bromine in ether and in water as dis- 
played by the depth of color in each layer (28 g). To the 
second add carbon disulphide (7), and to the third chloro- 
form (7), observing as before. i?o about 10 o.o. of starch 
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a ftdd a few 4rops from the fourth teat-tube (?) [R 230 
and see result of 47 b, below]. 

6. Fit up an apparatus to generate a small amount of chlorine 
[Hood], usmg a aide-neck test-tube instead of the flaak in Fig. 
11 (p. 29). If chlorine-water ia available, it may be used 
instead of the gaa. 

Dissolve a single, very small crystal of potassium bromide in 
a few c.c. of water in a teaf^tube. Add several drops of carbon 
diaulphide, and then pass a few bubbles of chlorine through the 
solution, or add a few c.c, of chlorine-water (7). Shake, and 
notice the appearance of color in the carbon disulphide (?). 
Infer from tms result the relative activities of chlorine and 
bromine (?). The result measures the relative affinity of 
chlorine and bromine for what elements? 

The chlorine generator, if used, is required again in 47 c, 
which may be performed at once, before the apparatus is taken 
apart and cleaned. Prepare also 5 c.c. of saturated chlorine- 
water, if not furnished on the side-shelf, cork it up in a teat- 
tube, and set it awde in a dark place for use in 46 j and 60 a. 
44. Fraparation of Hjrdrogen Bromide. 

a. Pulverize about I g. of potasuum bromide, place It in a 
test-tube, and cover with concentrated phosphoric acid solu- 
tion. Notice the apparent slowness of the action on account 
of the insolubility (physical) of the compound in the liquid 
(sodium bromide is much more soluble, and should be used, if 
available). Warm, if necessary. Observe the odor (?), and 

insert a rod dipped in ammonium 

hydroxide solution (?) [Note 33, 

p. 31]. 

For the action of sulphuric 

acid with a bromide, see 62 b. 
b. Fit up a 250 c.c. flask with 

a dropping-funnel and exit tube, 

and connect with a U-tube (Fig. 

13). Render the apparatus air- 
K,. 13 tight. Fill the U-tube with 

diy, broken glass or porceltun, 
mixed with a little red phosphorus (why?). Connect the 
other limb of the U-tube with a second, larger U-tube [Store- 
room] containing about 10 c.c. of water. Place about 5 g. 
of red phosphorus mixed with twice its weight of sand in 
the flask, add 5 c.c. of water, and mix by shaking. Pour 
into the globe of the funnel about 8 c.c. of bromine [Extreme 
CARE. Do not spill upon the hands (Note 16, p. 2)]. Allow 
the bromine to flow drop by drop on to the phosphorus, and 
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let the Kas dissolve in the water in the second U-tube. A 
large volume of air is enrelled before the hydrogen bromide 
reaches the second U-tube. Disconnect the second U-tube 
and reserve the solution for use in 46. 

Try the effect of moist air upon the gas issuing from the 
main apparatus (7). Hold in the gas a rod dipped in ammo- 
nium hydroxide (?). 

45. Pr<ip«rti«i of Aqn«oaB Hydiobromic Add. Divide the 
solutJon into seven portions and examine its behavior toward 
(o) litmus (?), (b) zinc in contact with a platinum wire (?), 
(c) silver nitrate solution (?), (d) mercurous nitrate solu- 
tion {?), (e) lead nitrate solution (?), (/) powdered manganese 
dioxide (warm) (?). Boil c, d, and e, after pouring away the 
supernatant liquid and adding more water to each (?). Com- 
pare these resiuts with those found in the case of hyi^chloric 
acid (82). 

g. To the seventh portion add a few drops of chlorine-water 
(43 6), a few drops of carbon disulphide, and shake (7). This 
result indicates the relative affinities of chlorine and bromine 
for what elements, and how7 

M. Preparation of Iodine. Prepare a mixture of potassium 
iodide (1 g.) and manganese dioxide (2 g.) exactly as in 42, 
place it in an evaporating-dish, and moisten (2-3 drops) with 
sulphuric acid diluted with water (1 Aq. : 2 acid). Cover the 
dish with a watch-glass (partially filled with cold water to cool 
the surface presented to the vapors) and warm very gently. 
After a time examine the subhmate [Note 34, below]. E^oee 
a strip of filter paper, moistened with starch emulsion alone, 
to the vapors (7). Recall the interaction of chlorides with 
manganese dioxide and sulphuric acid [R 172]. 

Wnat other materials might be aubetjtuted for potassium 
iodide in preparing iodine? 



47. Propertiea of Iodine. Shake a few crystals of Iodine 
vigorously [Note 34] with about 10 c.c. of water in a test-tube. 
Four the clear liquid oS, dividing it equally between four 
test-tubes. 

a. Add to one portion a few drops of chloroform, to anotlier 
ether, and to a third carbon disulphide. Shake each vigor- 
ously and note the relative soIubiUtv (estimated by depth of 
color) of iodine in water as compared with that in each of the 
other solvents (?). 
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b. Take 15 c.c. of Btarcb emulraoti and add the fourth partioD 
to it (7), Pour the mixture into the graduated cylinder and 
add water ao long as a sample poured out into a test-tube 
continues to show an easily perceptible color. Why is the use 
of starch considered to be a delicate teat for iodine? Does it 
sbov the presence of iodine in combination (48 &)? 

c. Repeat 43 h, usinc a very Bmall crystal of potassium 
iodide (?). Infer the relative activities of chlorine and iodine. 
The result measures the relative affinities of these two halogens 
for what elements? 

d. Repeat c, using potasdum iodide, but substituting bro- 
mine-water for chlorine. In what order do the halogens stand, 
in respect to activity, and why do you place them in that 
order? 

48. Praparatlon o( Hydrogen Iodide [Hood]. 

a. Repeat 14 a with potassium iodide or sodium iodide (?). 

6. Use the apparatus in Fig. 13. Place in the flask a mix- 
ture of finely powdered iodine (20 g.) and red phosphorus 
(3 g.) intimately mixed in the mortar. Charge the U-tubes as 
in 44 6. Place a little water in the dropping-tunnel (or sub- 
stitute, 86 b), warm the materials in the flask very sUghtly 
(ExTHKMB cautionI] by waving the Bunsen flame once or 
twice under the vessel, and allow the water to drop very slowly 
upon them (?). After the ajr has all been e^ielled, and the 
solution in the second U-tube has become sufncicntly concen- 
trated, remove the second U-tube. Test the issuing gas with 
moist air (?) and with ammonia (?) ei in 44 b. Hold in the 
^ a piece of filter paper dipped in starch emulsion alone (?). 
Explain. Reserve the contents of the second u-tube for use in 
SO a. 

49. Preparation of Hydriodic Add [Hood]. Place 5 g. of 
powdered iodine with 50 c.c. of water in a email flask provided 
with a cork and an L-tube extending to the bottom. Pass 
hydrogen sulphide from a Kipp's generator, or from the labora- 
tory supply, through the mixture, loosening the cork once or 
twice at first to permit the air to be displaced by the gas, until 
the iodine is all gone and the solution no longer becomes brown 
on being shaken. Agitate constantly to hasten the process. 
Describe what happens. Warm and filter the solution. 

Obtain a diHtilhng-flask and condenser [Storeroom] and distil 
the filt.-ate fractionally (Pig. 14), collecting first the part that 
comes over at 100°, then the parts boiling between 100-103°, 
103-106°, and so forth. Use a very small flame, and be careful 
not to allow It to reach the walls of the flask above the liquid, 
or breakage will take place. A large flame may not only crack 
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the flask, but may also cause the thennometer to show a hidier 
temperature than it could acQuire from the vapor alone. Stop 
Trhm the liquid is nearly all distilled oS. Note the highest 




temperature reached. Pour the rendue into a test-tube and 
keep the series for use in 50 6. 

What substance causes the color of the higher tractions and 
of the residue? Confirm your conclusion by a suitable test 
(47), How is this colored substance formed? 

60. PropertieB of Hrdriodlc Acid. 

a. If 48 6 was done, carry out the same experiments with 
the solution as were made with the solution of hydrobromic 
acid in 46 (?), Compare the results with those of 46 (?). 

6. If 49 was done, add silver nitrate solution to each of the 
tractioDS above 100° obtained in 49, using only a part of the 
liquid in the case of the two with the highest boiling-points. 
At what temperature did the most concentrated solution of 
hydrogen iodide come over? What peculiarity of aqueous 
bydriodic acid does the result indicate? What other solutions 
show the same pecuharity [R 182, 232, 239, 241, 387, 440]? 

Place a piece of zinc, in contact with a platinum wire, in the 
remainder of one of the higher fractions (?). Test the other 
with litmus paper (7), and then add pulverized i 
dioxide, and warm (?). 
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81. Hjrdrogan FInoiide. Cover a square of glass with a 
thin layer of paraffin by warming it very cautiouwy far above 
a Buosen flame and rubbing it on one eide with solid paraffin. 
Moisten about 3 g. of fluorspar in a leaden dish [Storeroom] 
with concentrated sulphuric acid (do not cover with the add). 
With the end of a file draw some design upon the paraffin- 
coated side, thua exposing parts of the glass to the action of 
the vapor. Now cover the leaden dish with the glass, paraffin 
ade down, and set it in a moderately warm place, but not so 
warm that paraffin may be likely to melt. Aiter half an hour 
or more remove the glass cover, warm, and wipe off the melted 
paraffin with filter paper (?). Write equations representing 
the action, and state what becomes of each of the constituents 
of the glass [R 243, 521]. Try the t«8t of a rod dipped in am- 
monium hydroxide and held over the contents of the lead 
dish (7). Does the gas fume with moist air? What sub- 
stances, beside fluorspar, would serve the purpose of this ex- 
periment? Why could not hydrochloric acid or nitric acid be 
substituted here for sulphuric acid? What add that we have 
employed could be used here? 

How may fluorine be liberated from a fluoride? Why can 
it not be isolated from fluorides by the action of oxidizing 
agents, as was the cafie with the other halogens? 

62. Reducin^r Action of Hydrogen Iodide and Hydrogsn 
Bromide [Hood]. In connection with this experiment, it must 
be kept in mind that an odor similar to that of rotten eggs 
shows the presence of hydrogen sulphide (49), and an odor of 
burning sulphur the presence of sulphur dioxide (18 a). 

a. Pulverize finely about 1 g. of potassium iodide, place it 
In a test-tube, and moisten with one or two drops of concen- 
trated sulphuric add (?). If too much acid has been taken, 
start again. Warm gently. Investigate the result, which 
furnishes a mixture of gases, aa follows : 

a. Breathe across the mouth of the test-tube to ascerttun 
the efiect of the gas on moist air (?). What gases previously 
made showed the same behavior? What do you infer in this 
case? To confirm this conclusion, lower a glass rod dipped in 
fumnonium hydroxide into the t«st-tube (?). 

fi. Is any characteristically colored vapor (?) mixed with 
the gas recognized in a? Can you observe any other property 
which identifies the substance? By what kind of chemical 
action could this colored substance be formed from the product 
identified in a? By what name is such a reaction known? 
Was there any corresponding product formed when sulphurio 
add acted upon a chloride? 
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y. Can you recognize still another (gaseous) product by its 
odor? 

The work in a and p and y leads to the lecognition of three 
gaseous or vaporous product^ Do not attempt to put all of 
these in one equation. Construct an equation for tne format 
tion from the original materials of the gas recogniied in a 
(primary action), and make a separate equation for the forma- 
tion of the other two products from the interaction of sulphuric 
acid with the gas recognized in a (secondary action). What 
two properties of sulphuric acid and what property of h3rdrogfia 
iodide are illustrated by this set of observations? 

In case the above directions are not followed implidtly, and 
lai^ pieces of potassium iodide are taken, or too rnucn sul- 

Sihuric acid is used, still another gas (sulphur dioxide) may be 
ormed alone with or instead of one of the above, and, in addi- 
tion, a subbmate of free sulphur may be seen on the tube 
[R.237]. 

b. Repeat the work in a, udng powdered potassium bromide 
instead of the iodide, and answer the same questions. 

B3. Id«ntiflcatlon of Halogen Oomponnds. Imagine that 
tiiere are given to you four white substances, and that you know 
them to ha the fluoride, chloride, bromide, and iodide of some 
metal. State what experiments you would make, and what 
reasoning you would use, in order positively to identify the 
halogen constituents of each. In two of these cases, two dif- 
ferent actions have been encountered in this chapter and might 
be used, and in the other two cases only one. Still another kind 
of action might readily be thought of [R 63, 311]. Negative 
results, say by showing that one is not a chloride, bromide, or 
iodide, and is therefore a fluoride, must be confirmed by a 
positive experimental test. 

If the four hydrogen halides were ^ven you in gaseous con- 
dition in four jars, how should you proceed by chemical means 
to identify eatJiT 
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6i. BadlcalB koA Double DacompoBitloiL 

a. To a few drops of potassium chloride solution add diver 
nitrate solutioa (?). Wliat kind of chemical interactioQ do 
Baits uauaily show in solution [R 264. See Note 4, p. 1] 7 
Write the equation for this action. How can we tell whether 
the precipitate is silver chloride, or potassium nitrate, or both? 
Which is it (Appendix IV)? What was the interaction of 
silver nitrate with hydrochloric acid (32 g)? To a few drops 
each of solutions of two other chlorides, such as ferric chloride 
and calcium chloride, add a little silver nitrate solution (?}. 
To find out whether all substances containing chlorine give 
diver chloride in this way, try a few drops of potassium chlorate 
solution with the same silver compound (7). State now what 
radical a substance must contwn in order that, with silver 
nitrate, it may yield silver chloride (7). 

b. To a few drops of silver sulphate solution add a solution 
of any chloride (?). To find out whether all substances con- 
taining diver 3aeld silver chloride in this way, take a few drops 
of silver nitrate solution in each of two test-tubes. To the 
one portion add some ammonium hydroxide, and so obtain a 
Bolution of ammonio-dlver nitrate (Ag(NHJjKOJ, To the 
other add some potasdum cyanide solution [CautionI Poison!] 
until the liquid is clear [Note 35, below], and so obtain a solu- 
tion of potassium argenticyanide (KAg(CN)i), Now add to 
each of these a solution of sodium chloride (?) . Is the silver 
radical present? Do all substances containing diver, when 
mixed with a chloridej give diver chloride? Which compounds 
alone riv e diver chlonde by double decompodtion? 

c. Which substances alone will, by addition of mercurous 
nitrate, give mercurous bromide (4D <i) ? Which substances 
alone will, by addition of silver nitrate, give diver iodide (60 a 
and 6)7 Which substances alone will, by addition of an acid, 
give hydrogen chloride (31)? Name the classes of substances 
which are composed of radicals, and commonly interact by 
double decomposition. 

Note 35. — An insoluble body will not dissolve as »uch merely 

because of the addition of an excess of the precipitant, or even 

48 
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because of the introduction of a different reasent. When an 
insolutje body appears to go into solution, the phenomenon indi- 
cates that the Buoatance added has intaracted chemically with the 
inBoltible substance and has produced a new substance which is 
soluble. 
W. Ohemical Eqnilibiliun In Double Decomposition. 

a. When solutions of two substances, each composed of two 
radicals, are mixed, and no precipitate is observed, interaction 
neverthelesa occurs. Why was no precipitate observed when 
solutions of ^Iver nitrate and potassium chlorate (M a) were 
mixed? To answer this question, write the equation for the 
double decomposition which might occur, and consider the 
solubilities of the products (Appendix IV). A similar ease 
where the presence of the products is easily shown may now 
be studied (see b). 

b. Place 10 c.c. of water in each of two test-tubes, add to 
one a single drop of ammonium thiocyanate solution, and to 
the other a single drop of ferric chloride solution. Nov mix 
the solutions (?}. Write the equation for the action which 
may be assumed to have occurred. Is there any evidence that 
interaction has taken place? Which of the four is the colored 
substance? Use the mixture for c. 

c. When no precipitate is formed, is an action like the above 
(o or h) complete? To answer this question, divide the mix- 
ture from b equ^y between four test-tubes. Keep one for 
reference. To the second add one drop of ferric chloride solu- 
tion (7), and to the third a drop of ammonium thiocyanate 
■olution (7). Interpret the result. Now add to the fourth 
tube a few drops of ammonium chloride solution (T) and explain. 

What other action have we shown to be reversible (83)? All 
double decompositions of substances composed of radicals are 
reverfflble, like these two. They are also often far from com- 
plete, when, as in the present instance, precipitation does not 
occur. Why does precipitation tend to make the action more 
nearly complete? 

D6. Hypochlorons Add and Hypochlorites [Hood]. Fit up 
a chlorine apparatus (29 h) capable of delivering a large amount 
of chlorine and make sure that it is ur-tight. Use the same 
source of chlorine in S6 and 67. Between experiments, immerse 
the end of the exit tube in sodium hydroxide solution, and 
allow none of the gas to escape into the room. 

a. Make an aqueous solution of chlorine in a _t«st^tube. 
Ret^n a few drops of this for use in b, and place in the re- 
mainder some litmus P&per, paper with printmg \R. 476] and 
pea [R 754] and psodl [K 47S] marks upon it, and a pi«co of 
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colored calico. Observe the effect on each. ExpMa [R 176, 
269]. 

b. To a few drops of chlorine-water add a drop of indigo 
Bolution [R 269] (?). 

c. Place about 5 g. of quicklime in a small beaker, add a 
few c.c. of water, warm slightly, and allow to slake (?). Now 
add a little more water to make a thin paste, and pass chlorine 
into the mixture for 10-15 minutes (?), keeping the vessel cool 
by surrounding it with cold water (why?) and stirring the con- 
tents during tne process. Filter the paste, with the addition 
of some water if necessary, and soak a piece of colored calico (7) 
and some litmus i^aper in the filtrate. Remove these articles 
to a beaker eonttuning a little dilute sulphuric acid (?), Re- 
pteat these two operations with the same litmus and caUco, if 
at first Uttle effect is seen. What substance produces the 
effect? Why is the sulphuric acid required (see GB a) ? 

What evidence does this experiment furnish that hypo- 
chlorous acid is a more active oxidizing agent than is atmos- 
pheric oxygen? Why is it thus more active? 

How could you prepare an aqueous solution of pure caldum 
hypochlorite [R 267, 268]? 

57. Chlorates [Hood]. 

a. Dissolve 3 g. (weighed on laboratory scales) of soUd 
potassium hydroxide in 7 c.c. of water in a test-tube and 
saturate (Test? The solution must cease to feel soapy) the 
solution with chlorine. While the saturation is proceeding, 
calculate the volume of chlorine (at 0° and 760 mm.) required 
to interact with 3 g. of potassium hydroxide, one atomic 
weight of chlorine being needed for each molecule of potassium 
hydroxide. At five bubbles to 1 c.c, how many bubbles of 
chlorine will be used? Observe how many bubbles issue from 
your apparatus in fifteen seconds, and calculate how long the 
operation may be expected to take (?). Crystals will appear 
during the process of saturation and will increase in quantity aa 
the hquid afterwards cools. Filter off ijie crystals on a small 
filter paper, and examine the filtrate and the crystals (in b) 
separatdy as follows ; 

Add to the filtrate dilute nitric acid (this is to destroy potas- 
sium hydroxide, in case any remains; no equation needed), and 
test with a few drops of silver nitrate solution (?), What 
radical is shown by tiiis test to be present (64 a)? What 
product is thus shown to have been formed by the interaction 
of chlorine and potassium hydroxide? 

b. Examine the crystals from a with a lens and describe 
tbeffl. Dry the crystals, heat them in a narrow tube, aad 
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test for oxygen (7). Dissolve the residue from this operation 
in diBtilled water and add silver nitrate solution (?). What 
substances constituted the crystals and the residue, respec- 
tively? From the behavior of the former substance during 
making, what do you infer aa to its solubility? la the infer- 
ence correct (Appendix IV)? 

What effect was observed on adding silver nitrate solution to 
a solution of potassium chlorate (64 a)? How may the chlo- 
rate radical be distinguished from that of the chlorides? The 
crystals of potassium chlorate made in a are not free from 
traces of potassium chloride (why?), and could not therefore 
be utilized for this test. What method should you suggest 
for purifying the chlorate [R 273] ? 

To a minute amount of finely powdered potassium chlorate 
add a. few drops of pure, concentrated hydrochloric acid 
(66 a) (?). The yellow substance is formed by decomposition 
of one of the products [R 275] (?). How would a chloride 
behave with hydrochloric acid? 

Give the three ways of distinguishing chlorides from chlo- 
rates. 

68. Perchloiataa. 

a. Measure 600 c.c. of water into your l-Uter bottle, and 
mark the level reached. Observe the temperature and pressure 
of the air and calculate the wdght of potassium chlorate which 
will be necessary to ^ve 600 c.c. of osygea under these conditions 
(the tenaon of aqueous vapor may be neglected, as the vapor 
will occupy only about 10 c.c. of the 600 c.c. at 18°) and at the 
same time leave the perchlorate and chloride as a residue. 
This stage is reached when one-fifth of the total oxyeen has been 
evolved: in other words, take so much of the chlorate as, if 
completely decomposed, would furnish five times 600 c.c. 

Fill the 1-liter bottle with water and invert it over the pneu- 
matic trough. Weigh the calculated amount of chlorate into 
a hard glass test-tube, which has previously been closely fitted 
with a one-hole cork and delivery tube, and see that the appa- 
ratus has been made air-tight. Gently heat the chlorate and 
collect in the 1-liter bottle enough oxygen to fill the bottle to 
the mark, measured, of course, when the mark is at the same 
level as the water in the trough. Proceed slowly towards the 
end so as to allow the gas to cool, stop heating when the mark 
IB reached, and remove the delivery tube at once from the 
water. Pour the melted substance into a mortar before it has 
time to solidify. Pulverize the mixture. 

Hie mixture con:usts mainly of the chloride and perchlorate 
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of potassium. The eolubiUtiea (grams of the salt dissolved bjr 
100 CO. of water) of these salts are as follows: 



Potassium chloride 33 35 56 

Potassium perchlorate ... 1.5 1.8 20 

To separate the subBtancea, calculate approximately the amount 
of potassium chloride which must be present, and shake the 
powder persistently with an amount of cold water juat euffi- 
dent to dissolve this salt. Cut, fold, and place in a funnel a 
filter paper just large enough to hold the undissolved material. 
Collect the latter upon the filter and wash it with a few drops 
of cold water. Calculate the amount of water which at 100° 
will dissolve the residue, assuming it to be potassium perchlo- 
rate. Dissolve it in this amount of water by boiling, and allow 
the solution to stand for an hour or two. Collect the crystals 
upon a filter, wash them as before, and dry them on a radiator. 

b. Dissolve a httle of the substance in distilled water and 
test with Mlver nitrate solution (?). Explain (56 a). 

To a minute amount of the crystals add a few drops of pure 
concentrated hydrochloric acid [R 276] (?). Why does the 
result differ from that when potassium chlorate was treated 
with the same acid (67 b) 1 

Place about 1 g. of the crystals in a narrow test-tube, heat, 
and test for oxygen (?). 

How could you distingiush a [terchlorate from a chloride, and 
from a chlorate? 

B9. Bromic and Iodic Acids. 

a. Take two test-tubes and place in one a minute fragment 
of iodine and in the other 2-3 drops of bromine-water. Add 
about 5-10 c.c. of water and a httle carbon disulphide to each, 
and shake (43 a and 47 a). The carbon disulphide is added 
amply for the purpose of collecting the halogen and making its 
presence obvious. Now pass chlorme (generated as in 43 6), a 
few bubbles at a time, ttiroi^h (or add chlorine-water, a few 
drops at a time, to) the water in the test-tubes, alternately, 
ana shake vigorously after each addition of chlorine imtil a 
change is seen [R 277] (?). Which of the halogens is first 
affected, and why? 

6. To about 10 c.c. of water in a tesl^tube add a single drop 
of potassium iodide solution and then a single drop of potas- 
Edum bromide solution. Introduce also a few drops of carbon 
^sulphide. Now pass chlorine (generated as in 43 6), a few 
bid>lue8 at a time, into the Uquid, or add chlorine-water a 
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littie at a time, shaking vigorously after each addition of 
chlorine (?). Continue until no further changes occur, and 
explain tjl the changes which are observed. This procedure 
is used in analyEds for recognising a bromide in presence of an 
iodide. 

c. Prepare some dilute bromic acid by taking 2-3 c.c. of 
potassium bromate solution and adding an equal volume of 
dilute sulphuric acid (?). Make the equation for this double 
decompositioa. Is the action complete (EB)7 In what fol- 
lows, disregard the Bubstances present with the bromio acid, 
and place the latter only in the equation. Drop into this solu- 
tion a single small crystal of iodine and shake repeatedly, 
allowing the mixture to stand for some minutes after each shak- 
ing(?). Pour oS the solution from any undissolved iodine, and 
to the clear liquid add a few drops of carbon disulphide (?), 
What free halogen is here detected? What does this show in 
regard to the rdative tendencies of bromine and iodine to unite 
with oxygen? What inference can you draw in regard to the 
relative activity of chlorine towarda o^gen? What would 
be the action of iodine upon a solution of chloric acid? 

Which variety of chemical change was here observed? How 
could you ahow that, although no change is visible, the bromic 
acid actually is formed when the sulphuric acid is.added, above, 
and that it is the bromic acid, and not the potassium bromate, 
which interacts with the iodine? 

60. PerozideB. 

a. Dissolve about 2 g. of sodium peroxide in 100 c.c. of cold 
water in a flask. Add this amount of the oxide, a very little at 
a time, shaking' and cooUng (why? [R 571]) the mixture in a 
stream of water during the process. While still coohng the 
solution, add to it dilute sulphuric acid a few drops at a time 
until the mixture is acid (test^. What does the liquid now 
contain (6S a)? Divide the mixture into four parts and use 
them in b, c, d, and e. 

b. To one portion, contwned in a small test-tube, add finely 
powdered manganese dioxide (?). Test the escaping gas for 
oxygen. What rflle does the manganese dioxide play here? 

c. Prepare a solution containing free permanganic acid and 
sulphuric acid by adding a large excess of dilute sulphuric 
acid to 5 c.c. of piotassium permanganate solution (equation? 
See 56). Add some of this mixture to the second portion 
(from a). Test for oxygen the gas which comes oft (?). What 
variety of chemical activity does the hydrogen peroxide show 
here? 

d. To the third portion add some starch emulffion conttuning 
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a dr<H> of potassium iodide solution (?). In m-iUsg the equa- 
iion for tfiis action remember that the solution of hydrogen 
peroxide from a contained excess of sulphuric add, wtiich will 
interact (6B) with the potassium iodide {?), The product of 
this action then interacts with the hydrogen peroxide. What 
variety of chemical activity does the hydrogen peroxide show 
here? 

e. To the fourth portion add 5 c.c. of ether (object of this 
[R 306]?) and shake, and then add one drop and no more of 
potassium dichromate solution and shake again (?). This is 
one of the most characteristic and delicate testa for hydrogen 
peroxide. 

State what substance here combines with the hydrogen per- 
oxide and how it is formed [R 305-306]. Make no equation. 

/. Suspend lead dioxide, barium dioxide, and pulverized 
manganese dioxide, separately, in water, add dilute sulphuric 
acid and shake for some time, cooUng as in a. Filter, and apply 
to each filtrate the test described in e (?). What are the dif- 
ferences in behavior and constitution between a true peroxide 
and those oxides which are sometimes called peroxides [R 308] ? 

g. What are the radicals of: Bromie acid, potassium chlorate, 
hypoehlorous acid, bleaching powder, sodium peroxide, potaa- 
aum permanganate, iodic acid, potassium perduoratof 
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CHAPTER X. 

IONIZATION AND INTKRACTIONS Or ACIDS, BASES, AND 

BAivrs. 

61. lonliatton. Name the four distinct methods hy whidi 
we ins,}f ascert^n experimentally whether a substance is 
ionized in solution or not, and leam the extent of the ioniza- 
tion [R 289, 292, 293, 328]. Define the t«rm iomzation. 

The degrees to which aqueous solutions of many substances 
are ionized are given in Appendix VI. Constant reference to 
this will be necesaaiy in int«preting the ol^ervatioiiB in tids and 
succeeding chapters. 

The experiments of this paragraph may be postponed until 
after the work in 63 or 63 has been done, if a set of the appa- 
ratus is not available at this moment. 

Obtfun [Storeroom] a pdr of electrolytic cells* (Fig. 15) sod 



(^ 




Rg. 15 ■ 
half fill one with dilute sulphuric acid. When some material 
has been placed in the second cell, and both cells are coimect«d 
• Each cell oon^ts of a glass, Bat-bottomed, ipedmen tube (about 
76 X 22 mm.) fitted with a two-hole rubber stopper in whiob a ver- 
tioal ETOove has been cut to permit the escape of gaaea. The eleotrodia 
— g pieces of glass tubing (lUioiit 10 cm. long) Into which platinum 



wir«B have been sealed by means of sealing-glaa 
means of a thin copper wire welded to the ir" 
wire. The platinum wire projects about 15 id 
•nd stuck to the outside wall of its tube by m 



Cont 
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in aeries with the source of electridty,* an evolution of gas in 
the first cell vill indicate that the circuit is complete ana that, 
therefore, the matenal wliich h&e been placed iu the second cell 
is a conductor. If, on the other hand, the material in the second 
cell is a non-conductor, or even a veiy bad conductor, no evo- 
lution of gas will be observed in the first cell. If the material 
in the second cell is a solution and a conductor, what conclusion 
may be drawn in regard to the condition of the dissolved body 
[R 326) 7 

Half fill the second cell with the sutatances named below in 
turn. See very particularly that the dectrodes in each cell are 
not touching one another. Connect with the battery, and ob- 
serve the effect in the first ceil. When the same experiment 
has been shown in the class-room, the result may be recorded 
here and the experiment omitted. Wash the second cell and 
electrodes very carefully after each trial. 

The following eight substances, or solutions, show the behavior 
t]^ical of the classes of materials to wiiich each example belongs. 
After giving the result in your notes^ name the class which is 
illustrated in each case. 




•ecura a large eleotrolj^c surface, the tubes ore dipped for a diatunoa 
of 20 mm. in atroiig chloroplatiiiic acid solution and heated in the 
BunsCD fiame. This leavea a coatinK of metallic platinum on their 

The cells are act into holea bored in a small block of wood. To 
protect the latter from the action of acids the blocks should be prepared 
by so^ng in hot paraffin. 

• A storage battery of three cells in series may be used, but is 
^ways in danger of being ruined by short-circuiting through careleB»- 
noB. Protection by means of a fuse leads to contmual interruptions 
of the work. The best plan ia to use the current passing from the 
lighting circuit {D, Fig. 16), through two lOO-condle-power lamps (or 
an equivalent arrangement of other lamps), one on each wire from the 
dynamo, and to reduce the voltage to 6^ volts by means of a suitable 
ahunt (9). Withalamp on only one wire, there is danger that a student 

may produce a short circuit by ~" — ^ — " " — "^-" '~ ' ' 

-' '«ampipe. 
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a. Dry, crystallized sodium chloride (?). 

6. Distilled water (7). 

e. Aqueous aolution of aodium chloride [Side-shelf] (T). 

d. Diluted aqueous solution of sodium hydroxide [Desk! (f). 

e. Diluted aqueous solutioii of hydrogen chloride [Desk] (T). 
/. Aqueous solution of sugar (?). Dry the cell by washing 

firat with alcohol and then with ether. 

a. Toluene in the dried cell (7). 

A. Hydrogen chloride dissolved in dry toluene [Side-shelf] (7). 
What difTerence between water and toluene do e and h bring to 
light? Keep this solution corked up in a dry test-tube for use 
in 65 4. 

63. Ibnio Hateriala. The chemical composition of the ions 
into which any compound is divided by solution in water may 
be ascertained in two ways: (1) by electrolysis and examina- 
tion of the substances Uberated at the electrodes [R 3I&-312], 
and (2) by studying the interactions (particularly the double 
decompositiona, 64) of the substance with other substances 
[R 281-283], for the radicals and ions of a substance are the 
same. What classes of chemical compounds are alone ionizedT 

The iomc substances may be namea as follows: 

Substance. Name. 

Ionic sodium (Na*) Sodium-ion. 

Ionic hydrogen (H') Hydrogen-ion. 

Ionic chlorine (CI') Chloride-ion. 

Ionic chlorate radical (CIO)') Chlorate-ion. 

Ionic hydroxyl (OH') Hydroxide-ion. 

Ionic ferric iron (Fe"") Ferric-ion. 

lomc ferrous iron (Fe") Ferrous-ion. 
Ionic bisulpbate radical (HSOiO Hydrogen-sulphate-ion. 

In Ufflng these terms, note that sodium-ion (with the hyphen) 
is the name of the evbstance, and not of the hypothetical, 
charged atom. When speaking in terms of hypothesis, there- 
fore, we may not say "a sodium-ion," or "sooium-ions," any 
more than we should say " an ionic sodium " or " ionic sodiums." 
To describe the charged atom or group of atoms, we must write 
"a sodium ion," "sodium ions," "chlorate ions," etc. 

In accordance with the above nomenclature, give the names 
and symbols (not forgetting the charges) of Uie three chief 
physical components, i.e., distinct substances (in addition to 
water), present in the aqueous solutions of sodium chloride, 
bydn^en chloride, and sodium hydroxide pt 334] (T). bi 
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these Bolutious there are still other phy»cal componentB pres- 
ent in email amounts — which are these in each of the cases 
juat mentioned [R 344]? Give a concise comparative state- 
ment of the specific physical properties (such as, color, molec- 
ular weight, solubility, behavior towards electrically charged 
bodies, physical state) of the ionic and the free forms of sodium, 
hydrogen, and chlorine (?). 

63. Relations of the Molecular Bubatuic* to ita OonstlU 
nent Ionic Subitances (in Eqoilibrlnm). The ions of an ion- 
ogen and the remaining molecules are in chemical equilibrium 
[R 297]. What changes take place, respectively, when the 
solution is concentrated by evaporation and when it is diluted, 
as in a, below [R 297-298, 335] ? Can the proportion of mole- 
cules be increased otherwise than by concentrating the solu- 
tion {see h, below) [R 335-336] 7 With substances like sodium 
cUoride and hydrogen chloride these changes cannot be per- 
ceived by the eye (why?). In the following instances (a and 
h) the ionic and molecular substances are both perceptible to 
the eye, and their relations as described above may, therefore, 
be studied very eaoly. 

a. Examine a solution of potassium bromide. What is the 
color of bromide-ion? Take a minute amount (say 0.2 g.) of 
cupric bromide in a dry test-tube. Add two drops of water and 
agitate for some time (?). Then add more water, a drop or 
two at a time, agitating vigorously, and giving the substance 
time to dissolve, if it can, after each addition. Continue the 
addition of water cautiously until the substance has all dia- 
solved, and afterward until the change in color is complete, 
and then stop. What is the color of the molecules of cupric 
bromide? Wnat is the color of cupric-ion? Compare the 
color with that of cupric sulphate solution (?) and expl^n. 
Formulate the change which has been witnessed. 

6. Now take a fresh portion of cupric bromide and repeat 
the experiment as in a, stopping the addition of water at the 
green stage. Divide the mixture into two parts. To one add 
2-3 g. of sohd potassium bromide and shake vigorously (7). 
To the other portion add 4-5 g. of solid cupric chloride (?). 
Interpret the results. 

liie converse case, In which one of the ions is removed and 
the dissociation is promoted, is discussed in d. 

c. Many ionic substances are colored, although the color 
does not always differ markedly from that of the molecule. 
Examine the following solutions [Side-shelf], make a list of the 
ionic substances contained in them, with their formulse and 
(^larges, and note the color of each kind of ions: cobalt chloride, 
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potAssium pennanganate, potassium dichromate, chrome-alum 
(this laet solution freshly made by dissolving the solid). 

d. Just as the union of iona to form molecules may be pro- 
moted by addition of a substance yielding a common ion (? 
88 b), so the reverse of this, namely, the dissociation of mole- 
cules into ions, may be promoted by the removal of one of the 
ionic materials. The removal of ions may be accomplished in 
several ways [R 360-364]: 

(1) By union of the ion with some other ion, whea the mole- 
cules thus formed are insoluble. This case will be illustrated 
next (see 64). 

(2) By union of the ion with some other ion, when the mole- 
cules thus formed, although soluble, are very little dissociated 
by water (see 66, 75, and 92 a). 

(3) By discharge of the ion and liberation of its material, 
through transfer of the charge to another substance (see 68), 

(4) By union of tlie ion with some other material to form a 
compound ion, illustrated in 64 b. 

(5) By decomposition of the ion, as in B9 c. 

(6) By the mere change in the valence (amount of the charee) 
of an ion, for this converts it into another substance of Uie 
same material composition (see 160 o, 167 b, 168 d). 

(7) By discharge of the ion and liberation of its material 
through electrolysis. This was illustrated in 61. 

64. Precipitation on Mixing lonogens. 

a. Place 3-i c.c. of silver nitrate solution in a test-tube 
and dilute with water. Add potassium chloride solution 
cautiously and agitate continuously, imtil no further precipi- 
tation occurs (7). Filter, concentrate the filtrate by evapora- 
tion, and pour it into a watch-glass to crystallize (?). Two 
salts are formed. 

Formulate the action (Fig. 17). In doing this, show the 

KQj^ K- + a' 
A^O,?=iNO/+Ag' 

Ti Tl 

(daolvd.) KNO, AgCl (daolvd.) 

Ti 

AgCl (solid) 
Ft 17 

three mun phyfdcal components of each of the original solu- 
tions and the relations of these components (in equilibrium) to 
one another in each case. Show also the molecular products 
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formed when the solutions are mixed. Assuming that the 
solutions are approximately normal [R 148], ascertain the 
proportions in which the original components are present 
before mining (Appendix VI). Leam also to what extent the 
molecular products will be formed by union of the ions (Appen- 
dix VI), and, in the case of an insoluble substance, how com- 
plete will be the precipitation (Appendix IV). On the bade 
of this complete information, explain in detail, and one by one, 
in what way, and to what extent, each of the six original com- 
ponents is affected by the results of mixing. 

Name the components of the filtrate and explain how each 
is affected by the evaporation and cryetaliization. 

How does the formation of the precipitate of silver chloride 
illustrate 63 ti (1)? Upon what factor does the completeness 
of the change depend? Is, or is not, olver chloride a highly 
ionized substance [R 332] ? 

Aside from double decompositionB, what means have we for 
learning of what radicals a salt (like silver nitrate) is composed? 

b. To a little cupric sulphate solution in a test-tube add 
sodium hydroxide solution (7). Exactly as in U a (second 
par.), formulate, study and explain the whole action. How 
does this illustrate (1) of 63 d ? ■ 

To what classes of ionogens do the four molecular substances 
respectively belong? 

c. To a little cupric sulphate solution add a little dilute 
hydrochloric acid (f). In what respects does the result differ 
from those in a and b, and why? Can any acida be prepared 
by precipitation, and if so, whichf Give iUustrations. 

65. Sues and Adda: Hydroxide-ion and Hydrogen-Ion; 
ladicatoTB. 

a. Ekamine distilled water in respect to (a) taste, (b) be- 
havior with Utmus, (c) conductivity (done already, 61 b). 

b. Dissolve a smaU jiiece of sodium hydroxide in water and 
examine the solution in respect to (a) taste, by diluting a 
little and tasting one drop, (b) behavior with litmus, (c) be- 
havior with phenolphthaleln, (d) conductivity (see 61 d). 
These properties belong to aqueous solutions of all bases. 
Acude from the water, what component alone is common to all 
such solutions and has the above properties? 

e. Examine an aqueous solution of hydrochloric acid in 
respect to (a) taste, (b) behavior toward Utmus, (c) behavior 
with phenolphthaleln, (d) conductivity (see 61 e), (e) action 
on a niece of marble, (f) action on an iron n^ (clean this with 
the me before use). These properties are shown by all aqueous 
solutions ot adds. Asde from the wat«r, what component 
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alone la common to all such solutions and lias theae proper^ 
ties? 

d. Take the solutJon of hydrogen chloride in toluene (61 ^)- 
and examine it in respect to (a) conductivity (see 61 h), (b) 
action on a piece of marble, dried in advance by heating in a 
dry porcelain dish for a few moments, (c) action on an iron 
nad (clean as before). Be sure that perfectly dry vessels are 
used in these e^erimeats. What substance identified in c is 
absent from this solution? What difference between water 
and toluene, as solvents, does this result indicate? In what 
three other respects would the two solutions of hydrogen chlo- 
ride be found to differ? 

66. Ionic Ohemical Ohanges: I. Union and Dlsnnion ol 
Ions: Neutzalisation (Union of H' and OH'). (Two students 
working together.) A considerable chemical change may occur 
not only in precipitation (see 64], but also when ions unite to 
form a substance which, although soluble, is very httle ionized 
by water. Such changes are illustrated in 66 and 67. 

Weigh out 5 g. (laboraiory scales) of potassium hydroxide, 
dissolve it in 50 c.c. of distilled water, and pour the dear solu- 
tion into a burette (Tig. 2, p. 7). Measure 10 c.c. of con- 
centrated hydrochloric acid in the graduated cylinder, mix it 
in a STTmll beaker with 50 c.c. of distilled water, and pour this 
into a second burette. Now, into a small I:>eaker or fiask run 
15 c.c. of the acid solution from the second burette, and then 
add to it two drops of phenolphthalein solution. Place the 
vessel under the first burette, read the level of the Uquid in 
the burette, and allow the alkali to run into the acid drop by 
drop, stirring constantly, until the last drop confers the faintest 
perceptible pink tinge ou the whole solution. If you do not at 
first succeed in stopping at the right point, repeat the experi- 
ment. Note the volume of alkali used. Concentrate the solu- 
tion on the sand bath until a drop deposits crystals on cooling, 
and then remove the dish from the sand bath promptly and 
set it aside. 

When sufficient crystals have appeared, dry them with filter 
paper and examine with respect to (a) form, (b) taate, (c) 
exposure to moist air, (d) action of a solution on htmus, (e) 
conductivity of aqueous solution (done already, 61 c). Con- 
struct a table comparing the substance in these respects with 
the materials from which it was made. Compare the substance 
with potassium chloride on the side-shelf. How should you 
determine whether a substance obt:uned in this way contained 
"water of crystaUization" or not? Make the necessary experi- 
ments (?). Wash out the burettes. 
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Followiiig the directionB in U a (second par.), fonoulato, 
study, and explain the whole action. Note, however, that 
there is here no insoluble substance. Show how this experi- 
ment illustrates 63 d (2). 

Express the change involved in every neutralization of highly 
ionized substances by means of the simplest equation. How 
may neutralization be defined, in terms of the hypothec of 
ions? How may it be defined, taking account of ou the facts, 
but omitting all reference to ions 

Calculate the appromnate concentration, in terms of a nor- 
mal solution as unity, of the potassium hydroxide solution 
used above (7). From the volumes of alkali and acid used in 
neutralising, calculate the concentrations of the diluted hydro- 
chloric acid, and of the concentrated acid employed to make 
it, expressing the concentrations in terms of a normal solution. 
Calculate the number of grams of iiydrogen chloride per liter in 
the dilute and concentrated acids, respectively. 

67. Neutrillution ol Slightly lonlied and of Insolnbl* 
8nbBtaiic«B. 

a. Conader the degree of ionization of acetic acid (Appendix 
VI). To neutralize 1 Uter of normal acetic acid, would more 
or less alkali be requited than to neutralize 1 liter of normal 
hydrochloric acid? In what way, precisely, would the det^ls 
of the change be different in the case of acetic acid [H 356]? 
Name some of the consequences of this difference [B 357-358]. 

6. Dilute a few drops of cupric sulphate solution with watei- 
and add excess of somum hydroxide solution (?). Fit a filter 
paper prdperly into a funnel (Fig. 3, p. 9). f^ter the mix- 
ture, and wa^ the precipitate (?) repeatedly with distilled 
water to remove soluble substances. Now place a clean test- 
tube below tho funnel, perforate the bottom of the filter paper, 
and wash the precipitate through into the test-tube by meana 
of a stream of water from the wash-bottle. To the suspended 
cupric hydroxide, cautiously add dilute hydrochloric acid in 
amount just sufficient to ^ve a clear liquid. Concentrate the 
liquid on the sand bath until a drop, removed to a watch-glass, 
shows signs of crystaUizing when cold. Then remove the dish 
promptly from the sand ^th and allow it to cool. Examine 
the crystals (?), 

Formulate this action as in 64 a, taHng account, however, 
of the fact that one of the interacting substances is an "insol- 
uble" solid [R 349]. Describe in detail the stages through 
which the final production of solid cupric chloride is accom> 
plished. 

To what claas of ionic chemical changes [R 360] does ths 
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forgoing action belong? Answer the same question in regard 
to tne precipitations of salts in S4. 

68. Ionic Ohemical Ohasges: JX. Displacement. 

a. Place several pieces of granulated zinc in a dilute soluficai 
of cupric sulphate and eet aside until the change is complete 
(test?). Decagonal agitation will hasten the change (wnyT). 
iilter. What is the precipitate [R 361]? Before examining 
the filtrate, take a few drops of cupric sulphate solution and a 
like amount of zinc sulphate solution in two test-tubes. Dilute 
each solution with water, and add to each ammonium sulphide 
solution (?). What is the precipitate in each case, and what 
ions are required to form it? 

To the filtrate from the first part of this experiment add 
ammonium sulphide solution (?), What ions were present in 
the filtrate? What changes did the zinc and the cupric ions, 
respectively, undergo in the first part of the experiment? For- 
mulate this change in an equation. In the course of this ex- 
periment, what oecomes of the molecular cupric sulphate 
(63 d (3))? 

What substances could have been substituted for the cupric 
sulphate without affecting the result? What substances, be- 
side zinc, would have precipitated copper (Appendix VII)? 
What other elements, beside copper, are displaced by zinc? 

Which of the elenients displaced by zinc did we prepare in 
quantity by an action liie tne present (18). Formulate this 
Action m terms of the hypothesis of ions. What were the 
products of the action of einc upon concentrated sulphuric 
acid (16 d)? What is the chief component of this form of 
the acid (Appendix VI)? If this component interacted with 
the zinc, to what class of chemical cnanges did this action 
belong? 

b. Formulate the actions in 16 a in terms of the hypothecs 
of ions. Expl^ in terms of the hypothesis the differences in 
activity of tne various metals [K 362]. ^^ 

c Examine your notes on Chap. Vlll. Formulate the fol- 
lowing actions in terms of the hypothesis of ions: 

Free chlorine and bromide-ion (43 b and 46 g). 

Free chlorine and iodide-ion (47 c and 60 a). 

Free bromine and iodide-ion (47 d) 

Free iodine and sulphide-ion (49), 

Arrange these four elements in a series mmilar to the electro- 
motive series of the metals (Appendix VII). Where should 
you place fluorine in this series JR 241] ? Can you indicate tba 
=-iate position of oxygea [R 239, 241]? 
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69. Ionic Obemic&l OhamgeB: nx, IV, V. In addition to 
union or disunion of ions (I), and displacement (II), there are 
three other ways in which iona may undergo chemical change. 

One of these (III) was illustrated in 29 a and b, in 54 6, in 
67 a and b, in 69 a, b, and c, and in 60 c (?). 

Another (IV) was illustrated in 29 a (?). 

Still another (V) was iUustrated in 61 {?). 

Define each of these three classes of ionic chemical change 
and formulate the illustrations anew so as to show how the 
actions cited belong to the class illustrated. 

Re-examine the seven ways in which ionic substances are 
removed, and dissociation of the parent molecules is promoted 
(63 d), and indicate that one of the five classes of iomc change 
to which each of the seven belongs. 

70. Non-Ionic Actions. In previous class-room and lab- 
oratory experiments we have observed the formation of iono- 
gens in other ways than those illustrated in this chapter. These 
ways are non-ionic, or not distinctly ionic. Give illustrations 
of such of these ways as you recall: acids, two ways; bases, one 
way; salts, four waj^s, together with the reference numbers of 
the laboratory experiments in which they occur. 
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CHAPTER XL 

BPLPHUK. 

71. SnlphtiT, 

a. In a dry test-tube place a very amall piece of roD sulphur 

with 2-3 c.c. of carbon dieulphide, and shake (?). Allow the 
clear soludon to evaporate tgontaneously (i.e., without the aid 
of heat) in a watch-glaas [Hood], and describe the crystals 
[R 138] {?). See Note 25, p. 10. 

b. In a dry test-tube place about 5 g. of roll sulphur, melt 
the substance with the least possible application of heat (the 
material must remain pale-yellow), and pour the melt into a 
beaker of cold water. Dry some of the product with filter 
paper and t«3t its solubility in carbon disulphide as in a. 

c. Melt about 10 g. of eiUphur in the same test-tube, and heat 
the body until it boils {?). Note the changes in color and 
fluidity that occur. To leam the nature of the substance 
formed by heating, chill the sulphur while it is boiling vigor- 
ously by pouring it suddenly into cold water (?). Note the 
physical state of the product, dry a part with filter paper, and 
examine its solubility in carbon disulphide (?). Set the re- 
mainder aside for a few days, and then study its appearance 
and solubility again (?). Keep also the test-tube from which 
it was poured, and examine, at the same time, in both these 
respects, the sulphur which remained adhering to its walls and 
was not cooled so suddenly (7), Account for the change when 
sulphur is heated, and the differing results of rapid and slow 
cooling [R 369]. 

Why are we convinced that none of the changes was due to 
interaction with the water? 

d. Mix in a. mortar 2 g. of iron filings and 1 g. of powdered 
sulphur. Transfer to a dry test-tube and heat gently (?). 
When cool, break the test-tube in a mortar and use the black 
product (7) in 72 fl. 

Recall and record here a case of the union of sulphur with a 
metal winch was observed previously, 

72. Hydrogen SulpMde [Hood]. 

a. Place a part of the product from 71 d, or aboht 1 g. of 
ferrous sulphide, in a test-tube and add a little dilute h^ro- 
chloric acid (?), Note the odor of the gas, and apply to it a 
strip of filter paper dipped in lead nitrate solution [S. 705] (7). 

b. With a Kipp's apparatus generating hydrogen sulphide, 
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or with the laboratory supply of the gas, connect a glass nozzle. 
Whea the ur has been displaced, set fire to the gas. Deecribe 
the color of the flame. Hold a porcelain dish in the middle of 
the flame for a few moments (?). What substance is depos- 
ited, and must, therefore, exist imcombined in the interior of 
the flame? What other substance does this justify us in 
aasuming to be liberated in the same region? What do these 
facte incucate regarding the stability of the gas when heated, 
and the difficulty, therefore, of making the compound by liie 
direct union of its elements? What are the products of the 
complete combustion of the gas, and in what two stages does 
this combustion take place? Make equations showing both 
stages. 

a. PropertleB of Aqueous Hydrogen Sulphide: I [Hood]. 

o. Take about 15 c.c. of water in a carefully cleaned teat- 
tube and saturate (test? Note 36, below) it with hydrogen 
sulphide. Test the solution with htmjis paper [R 347] (?). 
Pour one-third or less of the solution into another t«st-tube 
and boil this portion vigorously, noting from time to time the 
odor of the vapor. Can this gas be driven off completely by 
boiling? Does hydrogen chloride solution behave in the same 
way or differently [R 1821 ? 

b. Divide the remainder of the solution into two parts and 
add 2-3 g. of iron dust (pulverized iron) to one of them. Shake 
vigorously and then allow the mixture to stand (?). After a 
few minutes collect the insoluble matter upon a filter and wash 
until it no longer smells of hydrogen Bufphide. Transfer the 
precipitate to a test-tube by puncturing the paper and washing 
through. Add dilute hydrochloric acid to the product and 
note the odor (?). What substance must have been present 
in the precipitate, and how was it formed? Account for the 
extreme slowness of the action of iron upon the solution of 
hydrogen sulphide [R 374]. 

c. Allow the third portion of the solution made in a to stand 
for some days exposed to the air (?), Explain the turbidity. 

d. If 4B was performed, record here the action which took 
place. If 49 was not performed, place a single crystal of 
iodine in 6 c.c. of water and saturate (t«st? Note 36, below) the 
liquid with hydrogen sulphide [R 238] (?). 

What ionic sulffltance is shown by the first part of 73 a and 
by 73 6 to be present in the solution of hydrogen sulphide 
PR 374] ? Explain the actions in c and d in accordance with 
the hypothesis of ions. 

e. To 2-3 c.c. of potassium dichromate solution add dilute 
su^huric acid in large excess (?). What change may be 
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assumed to have taken place? Nov saturate (test? Note 36, 
below) tlie mixture with hydrogen sulphide (?). What are the 
colors of the solution and of the precipitate, respectively? 
Show that two Jdnds of ionic chemioitl change ore here illus- 
trated. 

/. Take 2-3 c.c. of potasMum permanganate solutjon and 
treat exactly as in e (?). Answer the same questions (?). 
What chemical property of hydrogen sulphide is illustrated in 
« and / ? 

Note 36. — To learn whether a liquid is saturated with a gas, 
withdraw the delivery tube while the gas is iesuiug, cover the 
mouth of the vessel quickly with the thumb or the palm of the 
hand in such a way that the gas above the liquid has no tinie to 
eecEipe (why?), and shake viKorously. If the thumb now adheres 
to the mouth of the vessel, the liquid is not yet saturated (why?). 
If the hquid is saturated, what will be the pressure of the gas over 
it after shaking [R 153] ? If au- is allowed to diephtce the gas over 
the saturated liquid, what effect will be observed on shaking aa 
described above? 

74. PTopeitioB ol AqneonB HydTOfsn Bnlphide: II. Sul- 
phidM [Hood]. 

a. What was the reaction of aqueous hydrogen sulphide 
towards htmus (73 o)? What ionic substances are present? 

b. Take about 6 c.c. of sodium hydroxide solution and 
saturate (test? Note 36) it witb hydrogen sulphide (?). Test 
with litmus (?) and use in c, d, e, and /. How should you 
proceed to prepare normal sodium sidphide (aohd)? 

c. To a few drops of the solution prepared in b add dilute 
hydrochloric acid (?) (see 76 6). 

d. To a few drops add some bromine-water (?). 

e. To a larger portion of the same Boiutionadd a little pow- 
dered roll sulphur and shake from time to time. Is sulphur 
soluble in water? What is here to be interred [Note 35, p. 48] ? 
When the solution has become very yellew (?) in color, filter. 
Acidify the filtrate with dilute hydrochloric acid (i.e., add 
more than an equivalent amount of the acid) (?}. Recall an 
experiment with iodine which resembles this experiment with 
sulphur (?). 

/. Allow the remainder of the solution from b to remain 
eiiposed to the air for several days (?). When a change in 
color has occurred, add dilute hytfrochloric acid in excess (?). 
Explain. 

g. Take five clean test-tubes and obtain 3-3 c.c. of the solu- 
tion of each of the following substances. Dilute each specimen 
vith 10-20 c.c. of water and saturate (test?) with hydrogen 



>;,l,ZDdbyC00^[c "^ 



68 STTLPHUE [S 75 

milphide: (a.) Cupric sulphate (?), (b) Lead nitrate (?), (c) Cad- 
mium sulphate (?), (d) Zinc acetate (?), (e) Ferrous sulphate 
(make a solution of ferroua-ammonium sulphate [R 754] and 
use it for this [Note 37, belowj). 

Expliun the predpitation m accordance vith the hypothe- 
sis of ions. 

Pour away a part of the contenla of each test-tube, add a 
large excess of dilute hydrochloric acid, and shake (7). Explain 
the results. Divide the metallic sulphides obtained in this 
experiment into two classes, and characterize those classes. 
' What property of hydrogen sulphide has been illustrated in 
a, b, and g 7 

Note 37. — FerTous-ammonium sulphate [R 754] ia preferred to 
ferrous sulphate because it becomes lees rapidly impure through 
oxidation by the air. In making equations, diaregara. the ammo- 
nium Bulph^. 

75. Ionic Ohemical Changes: PDrmation of an Inactive 
Acid. 

a. To 2-3 c.c, of sodium acetate solution add an equivalent 
amount of dilute sulphuric acid, and varm gently. One product 
may be recognized by its odor {?). 

Formulate, study and explain this action according to the 
directions in 64 a (second par.). Write a simple equation ex- 
pressing the chief change which occurs. 

b. Consider the action between sodium-hydrogen sulphide 
and hydrochloric acid in 74 c. Formulate, study and explain 
this action as in B4 a (second par.), modifying the scheme of 
formulation to suit the case. Does the escape of the hydrogen 
sulphide assist materially in making the action more nearly 
complete? Does it assist at all? What property does the 
escape of the hydrogen sulphide as a gas show this substance 
to possess? 

c. Make a nngle general statement describing all the cases 
in which, when ionogens are mixed, and no precipitation or 
volatilization occurs, a fairly complete chemical change will 
nevertheless ti^e place (see 66). 

Give a list of acids (Appendix VI) which might be fonned 
in accordance with the principle embodied in your statement. 

Could any bases be formed in accordance with the same 
principle? Illustrate (Appendix VI). Could any salts be so 
formed (Appendix VI) ? 

76. Hydrolysis. 

a. Dissolve a single crystal of sodium sulphide in water, and 
test the solution with litmus paper (7). What ionic substance 
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causes this reacdon? Which of the two substances taken 

is capable of furmshing this ion? Formulate the interaction 
of the two origina] substances and explain it [R 375]. 

6. Teat with litmus paper the solution of sodium carbon- 
ate (?). Explain (Appendix VI). Of what sorts of radicals 
must a normal salt be composed in order that the solution may 
show an alkaline reaction [R 344] 7 

c. Test with htmus paper the solutions of cupric sulphate (?) 
and ferric chloride (?), and account for the result [H 344]. Of 
what sorts of radicals must a normal salt be composed in 
order that the solution may show an acid reaction? Why is 
sodium chloride solution neutral? Define hydrolysis. 

77. Sulphur Dioxide. 

a. Touch with a warm platinum wire a bit of sulphur, and 
bring the wire with the adhering sulphur again into the name. 
Withdraw, and note the color of the flame of the burning 
sulphur and also the odor (?). 

b. Heat in a hard glass test-tube a few particles of iron 
pyrites. What is the subhmate? What gas is evolved? 

c. [Hood] If sulphur dioxide gas is not furnished in the 
laboratory from cyUndera of the liquid,* it may be prepared" for 
use in 78 or 83 as follows: Fit up a 
flask (250 C.C.) as in Fig. 8 (p. 20), 
and attach to it by rubber connections 
a gas washing-bottle (Fig. 18). This 
bottle is to serve here as a safety 
vessel (why and how?) and is to be 
left empty. If 78 is to be performed, 
a second, similar gas washing-bottle 
will be required to dry the gas, and 
will contain enough concentrated sul- 
phuric acid to immerse the longer tube 
to a depth of half an inch. Attach — ^ - 
the empty bottle with the shorter tube 

next to the generating flask (why not the reverse?). Place 
about 10 g. of copper nails in the flask. Teat tJie apparatus 
to see that it is air-tight. Add 10-15 c.c. of concentrated 
sulphuric acid. 

Heat the flask and contents by means of a sand bath. 
Leave the cork out at first and suspend in the acid a thermom- 
eter. Note the temperatures at which chemical action becomes 
perceptible (7) and at which it is conspicuous (?). Why cannot 

* If theguianotao furmsliad, 77 and 78 B}iould be taken up after 
83. 
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dilute sulphuric acid be uaed? Cotmect the apparatus and 
contmue heating to obtmn the gas needed in 78 and 63. 

d. Allow the generating flaiuc with its contents to remain 
over night, and then examine and describe all the contents (?). 

78. Molecnlar Weight of Sulphur Dioxide [Quant. Hood]. 
Glean and dry a, 250 c.c. flaak and provide it with a tightly 
fitting cork. Weigh the flask and cork. This gives the weight 
of the flask filled with air. Now fill it completely with sulphur 
dioxide, by downward displacement of air, cork, and weigh 
again. To insure its being full, repeat this operation till no 
increase in w^^ht occurs. Finally, allow the gas to escape, 
and determine its volume by filling the flask with water up 
to the cork and weighing again. Observe the temperature 
and pressure of the atmosphere. 

To obtain the weight of the emptv flask and ite cork, subtract 
from the weight of the vessel filled with lur the weight, under 
the observed conditions, of a volume of air eaual to its content 
{1 liter of pure, dry air weighs 1.293 g. under normal condi- 
tions, or the G.M.V. holds 28.955 g. of lur). 

The difference between this corrected weight and that of 
the fiask filled with sulphur dioxide is the weight of the latter. 
Beduce the volume of the gas to normal conditions and calcu- 
late the weight of the G.M.V. (22.4 1.) and of I I. 

Enumerate carefully all the sources of error to which you 
should expect this way of determining the density of a gas to 
be liable. In doing this, consider each detail of the operation 
very critically. 

79. Preparation of Sulphuric Acid (Two students working 
together). Obtain a distilfing-fiask (25 c.c), rubber connections 
for a safety bottle, a screw-clamp, and a Chaprnan pump from 
the storeroom. Fit up with your one-liter bottle the apparatus 
as in Ilg. 19. Charge the hard glass tube with about 10 g. of 
granular pyrite,* and place a small, loose plug of asbestos just 
Beyond the pyrite to retain any unbumt sulphur. Put into the 
distilling-flask about 10 c.c. of pure concentrated nitric acid 
[Side-shelf]. The safety bottle, half filled with water to show 
the rate at which air is being drawn through the apparatus, is 
atteched to the water pump. The total air admitted is regu- 
lated by the screw-clamp between the pump and the safety- 
bottle, while the proportions which pass over the pyrite and 

* In case very purs pyiito Is not available, it ts better to depart 
from the common manuiaeturing process by subotitutiiig a boat oon- 
*-■"'";; a little sulphur. 
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which carry over the nitric add vapor, respectively, are regukted 
by pinctiing one of the tubes with the finger and uiumb. 

First heat the pyrite in a very bJow Btream of ^ until th« 
Hulphur bums. Then warm the nitric acid, and, by pinching 
the tube admitting air to the pyrite-bumer, divert part of the 
air current so ttiat it may carry over a little of the vapor of 
the add. Heat the pyrite stror^y and continuously. Repeat 
the introduction of air laden with nitric add at intervals, when- 




ce. lo 

ever the disappearance of the red fumes in the bottle shows 
that a further supply is needed. 

After a crust oi white crystals (?) has formed in the bottle 
(there may be considerable delay before crystolhzation starts), 
remove the attachments and blow the gases from the interior 
by means of the air blast. If crystallization fails to begin after 
a reasonable time (note that an interaction even between the 
molecules of gases may be slow, in spite of the completeness of 
the mixing), the cause is either the introduction of too much 
water along with the nitric acid, or the high temperature pro- 
duced by the chemical actions taking place in the bottle. He- 
moving the attachments and cooling the bottle in a stream of 
water frequently brings crystallization about. 

Add i-6 c.c. of water and wash down the crystals with it. 
Describe all that happens. If more of the product is required, 
the apparatus may be connected up agiun and a further supply 
of eiuphur dioxide drawn into the bottle, and subeequently 
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UOTe nitric acid vapor can be added. Finally any renuuning 
crystals may be decompoaed by water. 

Filter the liquid in the bottle through a very anmll filter 
paper into a dish, rinsing the bottle with 2-3 c.c. of water, and 
evaporate on the sand bath [Hood] until the liquid begins to 
fume strongly (?). This will remove any nitric or nitrous acid 
that it may contain. Use the result for SO a and b. 

80. Properties of Bnlphorlc Acid. 

a. Dip a match-stick into the liquid from T9, and make 
marks on a sheet of paper. Set both paper and stick on a 
radiator (?). What property of the acid ia here observed? 

b. After the acid prepared in 79 js cold, dilute it with 2-3 
volumes of water. Teat the solution with litmus paper (?). 
Add to it barium chloride solution (?). To learn whether the 
action is easily reversible, add pure hydrochloric acid to the 
mixture (?). The formation of this precipitate, and its insolu- 
bility, furniah a distinctive test for what radical? Which sub- 
stances contain this radical? What property of sulphuric acid 
is shown in 6? 

c. Pass a current of hydrogen sulphide through 2-3 c.c, of 
concentrated sulphuric acid. Nol« the odor (7) and precipi- 
tate (?). What property of sulphuric acid is shown in c? What 
other evidence of this property have we previously observed 
(see 16 d and 62)1 

d. Place a small piece of sulphur in 2-3 c.c. of concentrated 
sulphuric acid, and heat (?). Note the odor (?), 

e. Heat a little charcoal with sulphuric acid and note the 
odor (?). What property of sulphuric acid is shown in d and 
c? Why would not dilute sulphuric acid show this property? 

/. [Hood] Take 2-3 c.c. of concentrated sulphuric acid in 
a test-tube. Suspend a thermometer so that the bulb is com- 
pletely immersed in the add. Heat the contents of the tube 
by means of a small flame and note the temperature at which 
any efiect (?) is observed, and that at which it is conspicuous. 
Belate this temperature to that observed in 77 c. [CautionI 
During the beating remember that, if the tube should cradt, 
the hot acid may splash on the clothes and bands and produce 
severe bums. Exercise proper caution. Be careful not to 
wash out this tube until the acid has cooled.] 

81. Sulphuric Acid as a Dibasic Add. 

a. (Two students working together). Fill a burette with a 
solution of potassium hydroxide made as in 66. Add 15 e.c. 
of concentrated sulphuric acid slowly to 35 c.c. of wafer in a 
beaker, and fill another burette with the diluted acid, when cold. 
Ascertain as in 66 what volume of the alkali will neutraUze 5 e.c. 
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of the add. Concentrate the mixture by evaporating to about 
10 C.C., remove the dish from the water bath, and iJlow the 
resulting solution to crystallize. Dry the crystals on filter 
paper. To a second portion of the acid (use no phenolphtha- 
Mn. Why?), twice as fae&t as before, add e^ctty the same 
amount of the alkali. Evaporate to about 5 c.c. and treat as 
before. 

Compare the two lots of crystals as regards (a) form, (b) 
taste, (c) reaction of their solution towards litmus. Con- 
firm by studying the same properties of the purer substances 
found on the da&-shelf. £bq>lain the difFerences between your 
own preparations and those on the side-ahelf , if any are observed. 
Explain, in terms of the hypothesis of ions, the difference in 
the reactions of the two prtxiucts towards litmus. 

Formulate, study, and explain the actions, as in 64 a (second 
par.). Take the components of the original solutions [R 346] 
one by one, and describe what happens to each, (a) during 
complete neutralization, (b) during semi-neutralization in the 
second part of the experiment. 

What would be the effect of heating perfectly dry specimenfl 
of each of the salts [R 390]? 

How many grams of potaadum-hydrogen sulphate are re- 
quired to give 1 hter of a solution of normal concentration 
in respect to (a) potassium-ion, (b) hydrogen-ion, (c) sul- 
phate-ion? 

b. Make a solution of sodium bicarbonate and test it with 
Utmus paper (?) and with Congo red jiaper (?). Why do some 
add saltB show little or no acid reaction towards indicators? 

Define carefully, and illustrate, the terms: normal (neutral) 
salt, acid salt, and basic salt [R 359]. 

82. BnlptaateB. Place some ferric sulphate in a porcelain 
crucible supported on the clay triangle, and heat stron^y 
[Hood] with the blast-lamp, continuing the heating after all 
the water has been driven off(7). What are the properties of the 
vapor given off (?), and what is it? What is the reddue? Re- 
late this result to that in BO /. Recall action of heat on dehy- 
drated gypsum (38 /). dasmfy the sulphates in accordance 
with this distinction. 

83. Properties of Bulptanroos Acid [HoodJ. Use a stream of 
sulphur dioxide from a cylinder of the liquefied gas, or from the 
apparatus described in 77 c. 

a. Pass a stream of sulphur dioxide for a few minutes into 
a test-tube full of water. Test the solution with htmus paper (?). 
What compound is present in the aqueous solution of the gas? 
Note also the odor of the Uquid (7). Formulate the intetao- 
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tion, showing all the Bubetances present. Divide the solution 
into four portions. 

6. B(ul one portjon permstently [Hood], notiiig from tame to 
time the odor and reaction towaxaB litmus (7). In respect to 
the result, does the solution of this gas resemble that of hydro- 
gen sulphide, or that of hydrogen chloride? 

c. To another portion add barium chloride solution (?). To 
ascertain whether this action is easily reversible, add excess of 
pure hydrochloric acid (?). 

d. To the third portion add bromine-water (?) until the 
color is permanent (7). Now add barium chloride to the mix- 
ture (7) and then pure hydrochloric add (7). 

What chemical properties of sulphurous add are illustrated 
in a, h, c, and d, respectively 7 

e. Leave the fourth portion of the sulphurous add for several 
days exposed to the air in an open teatr-tube or bottle. Then 
add barium chloride and pure hydrochloric acid, and compare 
the result with that in c 

/. To 2-3 cc. of potasmum dichromate solution, add three 
or four equivalents (a large excess) of dilute sulphuric add. 
What substances does the mixture contain? Lead a stream 
of sulphur dioxide through the solution until no further cbaage 
is observed (T). 

g. Take 2-3 cc. of potassium permanganate solution, treat 
as in / (?), and answer the same questions (?). 

h. Fill a bottle with the gas by downward displacement, 
introduce some moistened litmus paper or grass, and close 
with a glass plate (7). 

What properties of sulphurous add are iUustrated in e, /, g, 
and k, respectively ? 

84. Su^hltes. 

a. To 1 g. of sodium sulphite add any dilute mineral acid 
(that is to say, one of the common adds, but not an organic 
add such as acetic) (?). Formulate this action completely. 

6. Dissolve a minute amount of sodium sulphite in water 
and add bromine-water in excess (test? The color must 
remain). Remove the excess of bromine by boiling. Add 
barium chloride solution (7) and then pure hydrochloric acid (7). 
Compare this experiment with that in 83 d, consider whether it 
is. probably the molecular sodium sulphite, or the sulphite-ion, 
which is oxidized, and make the equation accordingly. 

c Heat persistently about I g. of sodium sulphite in a porce- 
lain crudble, supported on the clay triangle over a blast-lamp. 
When cool, acidify with hydrochloric acid (7) and note the 
odor. If any sulphur is predpitated, account for its formation. 
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d. Place about 1 g. of sodium bisulphite in a haid glass 

test-tube and lie&t cautioualy with the tube in a horizontal 
position (why?). Note the odor (?) and whether any vapor 
condenses (7). Tliis behavior is typical of tliat of many add 
salts. Why is the behavior of potassium bisulphate somewhat 
difFerent (Bl aj? What would be the final ^ect of heating 
sodium bisulphite more strongly and for a longer time? 

85. TMosnlphates. 

a. Dissolve about 5 g. of sodium sulpliite in about 20 c.c. of 
water in a small flasic. Add 4^-5 g. of nowera of sulphur to the 
solution and boil gently over a small flame for 10-15 minutes. 
Filter ofT the clear yellow solution and divide into two parts. 

6. To one portion add excess of any dilute mineral acid (?). 
Note the odor. 

c. Take 10 c.c. of potassium iodide solution and dissolve in 
it a few smaU cmtsls of iodine [R 235] (?), Now pour the 
second portion of the solution from a slowly into tide mix- 
ture [R 396] (?). How can this action be used for estimatii^ 
the quantity of free iodine, and wiiat substance then acts as 
tlie mdicator? For what purpose was the potassium iodide 
emptied? 

d. Heat perastently about 1 g. of sodium thiosulphate in a 
porcelain crucible over a blast-lunp (?). IS^ote the appearance 
of the residue. When cold, add dilute hydrochloric acid (?) 
and identify the products. If any odor was observed during 
the heating, con you now account for it? 

86. Bednctlon of Sulphur Oomponndfl. Mix a pinch of any 
salt of a sulphur acid with an equal amount of anhydrous 
sodium carbonate. Shghtly char the end of a match from 
which the head has been removed, and rub the charred part, 
which should be aixiut an inch in length, with a heated crystal 
of hydrated sodium carbonate. Moisten the above mixture 
with water, place some of it on the end of the match, and lieat 
in the reducing region of a small Bunsen flame. Put the result 
on a clean olver coin lying in a watch-elass and moisten with 
one drop of water (?). Then add some dilute mineral add and 
note the odor (?). Tliis, known as the "hepar" test, is • test 
tos sulphur in any f onn of combinatiaa. 
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THB ATMOSPHZBB, NITBOOEIf, AKMONIA. 

87. fT«paratloiL of Kltrogm from Air. Place a large plug of 
copper tumingB in the center of a hard glass tube. Fit with 
coTKs and short glass tubes, and connect with the short tube 
of the aspirator (Jig, 7, p. 16), Fill completely with water 
the bottle and long tube of the aspirator and close the latter 
with a screw clamp [Storeroom], Arrange a vessel to catch 
the water discharged. Now heat the copper red-hot and then 
partly open the clamp so aa to allow the water to be syphoned 
off in a slow stream. The air will pass over the heated copper. 
What change does the copper undergo, and what collects in the 
bottle? After three-fourths of the water has run out, dose the 
clamp, disconnect the hard dasa tube, attach a delivery tube 
in its place, elevate the end of the syphon, and replace the 
nozzle oy a sm^ funnel supported by a clomp. Pour water 
into the funnel, and drive the gas over into a bottle of water 
inverted in the pneumatic trough. Ascertain whether this 
gas supports combustion. Descrioe the gas aa regards color 
and smell. What other gaseous substances, besides nitrogen, 
does this gas contain? 

Other ways of removing oxygen from the air are described 
elsewhere (14, 88, and 94 d}. 

88. Proportion (by Volume) of Ozyson in the Air [Quant.] 
(from Cooley's Laboratory ShuHes). Provide a large test^ 
tube with a two-hole rubb^ stopper. Into one hole fit a short 
piece of glass tubing terminating in a rounded nozzle, the tip 
of which projects but little beyond the bottom of the stopper. 
Into the other hole fit a short glass rod. Test the apparatus 
for wr-tightness. Connect the upper end of the glass tube with 
a short-atemmed funnel by means of a piece of rubber tubing 
(15 cm. long) as in Fig. 20, and support the funnel in a clamp. 

Disconnect the test-tube, temporarily, and remove the glass 
rod from the stopper. Prepare an alkaline solution of potas- 
sium pyrogidlate by mixing 3 C.c. of pyrogallic add solution 
with 20 c,c. of a solution of potasedum hydroxide q^edaUy 
prepared for thia experiment [Side-shelf], and pour this into 
the funnel. Now open the damp and permit ttiis solution to 
fill the rubber and glass tubes completeljr down to the o{)ening 
of the nozzle. Replace the tesMube, fitting the stopper tightly 
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into its mouth. Finally, reinsert the glass rod, and so inclose 
a volume of eir equal to the content of the test-tube and at the 
temperature and pressure of the atmosphere. Ttiese opera- 
tJons should consume as little time as poEfetble, as the alkaline 
solution- gradually absorbs oxygen from the air of the room, 
and thereby becomes useless for further absorption. 

Now ,open the clamp, taking care not to warm the test-tube 
by hanclUng. A few drops of the alkaline solution will enter 




the test-tube, and, as the oxygen is absorbed, more of the 
solution will flow in. Close the clamp and invert the fesf^tube 
once or twice in order to bring the liquid thoroughly in con- 
tact with the inclosed Mr. Finally, while the teat-tube is in 
the inverted p<wition, reopen the clamp and equalize the 
levels of the liquid in teat-tube and funnel by raimng or lower- 
ing the former. Then close the clamp, restore the test-tube 
to its original position, and mark the positions of the surface 
of the liquid and of the bottom of the stopper by means of 
paper labels or rings cut from rubber tubing. 



>;,l,ZDdbyC00g[t: 



78 ATMOSPHERE, KITBOGEN, AMMONIA [S 89 

tMsconnect the test-tube and wash out tlie liquid, taking care 
not to get the alkaline solution upon the bands. Then, by 
means S a burette Med with water, measure the volumes 
required to fill the {est-tube up to the lower and upper marks 
respectively. The former is the volume of the oxygen, the 
latter that of the mt. Calculate the percentage of o:^gea in 
the air by volume. 

89. Other Compocenta and Denilt^ of Air. 

a. Place 2-3 c.c. of clear barium hydroxide solution in the 
bottom of a amaJl beaker and leave it exposed to the air for 
some houra {?). 

b. Blow air from the lungs through a dass tube into 2~i c.c. 
of clear barium hydroxide solution (7), Explain, 

c. How may the presence of aqueous vapor in air be demon- 
strated (S7 a)? How may its quantity be measured? 

d. The weight of a measured volume of air, or of nitrogen, 
may be determined by the method described in 118. li^m 
the data so obtained the density may be calculated. 

90. Nitrogen. 

a. Place about 10 g. of pure sodium nitrite and about 8 g. 
of ammonium chloride in a 250 c.c. flask fitted witli safety and 
delivery tubes (Fig. 8, p. 20). If 6 is to be performed, insert 
between the flask and the delivery tube a U-tube containing 
calciiun chloride for drying the gas. 

Clamp the flask by the neck to a ring-stand, add about 15 c.c. 
of water, and warm gently [Caution !]. As soon as the action 
begins remove the flame, bring a dish of cold water under the 
flask, and cool it for a few seconds at a lime so that the action 
nw not become too violent, but may run uniformly. After 
sufficient time has been allowed for the displacement of air 
from the apparatus, fill a bottle with the gas over water in a 
pneumatic trough. Has the gas odor or color? Does it sup- 
port combustion? 

b. (Two students working together). In a piece of hard 
glass tubing, fitted with corks and short pieces of glass tubing, 
place a porcelain boat half filled with powdered magnedum. 
Connect one end of this tube to the outlet tube of the flask in 
a generating nitrogen. Heat the m agn esium strongly (two 
Buusen burners may be necessary). What action is noticed? 
What is the color of the product? Transfer the contents, when 
cold, to a dry test-tube, close with a cork, and use in 91 b. 
May the same product be formed when magnecdum is heated in 
the air? What other compound would be formed under the 
latter conditionsT 
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91. Ammonia. 

a. Fit a small flask with a cork and L-shaped exit tube, and 
connect the latter with a U-tube, Put a fittle water in the 
bend of the latter so aa just to close the passage. Test the 
apparatus for air-tightness. Race in the nask a mixture of 
powdered quicklime and anunomum chloride, about 10 g. of 
each, and warm gently (Hood]. After the air has been dis- 
placed, the whole ol the gas should dissolve in the water. Use 
this solution of anunomum hydroxide in 93. 

If required to determine the denfflty of ammonia, which of 
the various methods should you select (IS a, TS, or 112)7 

b. To the product from 90 b add a little water, boil, and 
note the odor {?). What other substancea would behave in tha 
same way as magnesium nitride? 

c. Heat a «mall pece of gelatine in a dry test-tube and note 
the odor {?). 

93. Ammonium Hydroxide: An InaotiTO Base: Balti of 
Ammonium. 

a. Test the reaction towards litmus paper of the solution 
made in 91 a (?). What substance is present? Hold a gjaas 
rod dipped in concentrated hydrochlonc acid over the solu- 
tion (?). What substance is shown by this test to be presentT 
Formulate the relations (in eqmlibrium) of all the substances 
in the solution. 

5. Expose 1-2 c.c. of the solution from 91 a in an evaporat- 
ing-dish for 24 hours and then note the odor (7) and test witji 
UtmuB (?). Heat [Hood] another small portion in an evapo- 
rating-dish for some minutes, and note the odor from time to 
time (?). Does the aqueous solution of this gas behave like 
that (^ hydrochloric add, or hke that of hydrogen sulphide? 
What other gases resemble ammonia in this respect? 

e. Neutralize (test ?) the remainder of the solution from 91 a 
with dilute sulphuric acid and evaporate to dryness on a water 
bath (?). Formulate this action after the model in 84 o (sec- 
ond par.), and explain what happens during neutralization to 
each of ^e subsUuices present m the ammonium hydroxide 
solution. 

Scrape the residue into the middle of the dish, invert over it a 
small funnel, the stem of which has been closed with a paper 
plug, and heat the dish strongly and persistently (?). To leam 
whether the sublimate is identical with the residue, examine it 
for the ammonium radical (92 d, below), and the sulphate (80 6) 
radicrj. 

d. Dilute 1-2 e.c. of ammonium chloride solution and add to 
it 1-2 c.c. of sodium hydroxide solution (?). Note the odor (7). 
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FonnuIat«, study, aad explain this action aceordinx to the 
directions in 04 a (second par.)- Include in the formulalJOQ the 
UberatioQ of the ammonia. What is an inactive base? 

The evolution of ammonia when an active base is added to a 
solution of any ammonium salt ia used as a test for the latter. 
Why would not simply heating the salt by itself (as in S2 c and e) 
serve as a t«st? What salt of ammonium that we have used 
gives, when heated, no ammonia? 

e. Place some ammonium chloride in the middle of an open, 
hard glass tube. Support this in a very sLghtly inclined (5°) 
position by means of a clamp attached close to one end. Put 

Eiecea of moistened litmus paper (both colors) in each end, and 
eat the salt strongly (?). Watch closely the effect on the 
papers at each end (?). What does this experiment show to be 
the action of heat on ammonium chloride? Which ma appeared 
first at the ends of the tube, and why first at both lower and 
higher ends? What should be the relative speeds, by calcula- 
tion, of the two gases \R 108] ? Why does the second gas reach 
the ends so very much later than one might e^)ect? Has gravity 
any influence on the result? 
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CHAPTER Xni. 

OXIDBS AMD OXraSH ACIDS OF NTTBOOIH. 

93. Frep&ratloQ of Hltzlc Add [Hood]. Pulverize about 10 e. 
of sodium nitrate and place it in a dry retort or distilling-flaw 
[Storeroom]. Cover the aalt with concentrated sulphuric acid 
and wait until this liauid has permeated and moistened the 
entire mass. Support tne vessel by a clamp upon a sand bath 
and allow the neck of the retort (or aide-tube of the flask) to ex- 
tend to the bottom of a email Qaa}i (the receiver). In order that 
the vapor of the nitric add may condense, this flask is immersed 
in a v^sel of cold water, and is covered with filter paper which la 
continually moistened. Heat the retort gently until a sufficient 
amount of nitric acid has been obtained, and preserve the prod' 
uct in a corked test-tube for use in OT a [CAunoN! Serious 
wounds may be caused by allowing this lii^uid to come in contact 
with the skin]. What is the composition of " concentrated" 
nitric acid [R 4401, and how does the acid here made differ from 
the "concentrated" acid 7 What law teaches us to expect that 
the former will be more active (and dangerous to handle) thMi 
the latter? 

M. Nitric Oxide. 

a. Into a small flask, fitted as in Hg. 8 (p. 20) and contain- 
ing about 10 g. of copper nails, pour 10-15 c.c. of water 
and then an equal amount of concentrated nitric acid [Desk]. 
Collect the gas evolved over water in the pneumatic trourfi. 
Note the color of the gases first formed, and observe the color 
of the pure gas finally collected over the water. Fill two 
bottles (for b, c) and the large test-tube (for d) with the eas. 

"ITie production of colored gases, when copper is added, is 
used as a test for nitric acid. 

6. Into one bottle introduce a burning match (7). Note 
also the effect of opening this bottle to the air (?). This effect 
may be used as a test for nitric oxide, or, conversely, for 
oxygen. How should you apply it for each of these pur- 
poses? 

c. Into the second bottle lower a deflagrating q>oon with a 
very little burning, red phosphorus (?). WSat change in 
volume does the gas undergo in this action? 

d. Transfer without loss the nitric oxide in the test-tube to 
a small beaker filled with water and inverted in the pneumatic 
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trough. EIQ the test-tube with oxygen and add this to the 
nitric oxide (?), thus "securing equal volumes of the gases. 
Shake the beaker, keeping the mouth well immersed, until no 
further change occurs. Transfer the remaining gas, which 
must be either nitric oxide or oxygen, back to the testr-tube. 
Note its volume, and determine what gas it is (?). What 
relative volumes are (a) used for the interaction and (b) 
required b^ the equation? 

How might the proportion of oxygen in the air be deter- 
mined by application of this interaction? 

e. Prepare 10 e.c. of a concentrated solution of ferrous- 
ammonium sulphate [Note 37, p. 68] (or ferrous sulphate) and 
divide into three portions. Into one pass a gentle stream of 
nitric oxide {?). Boil the liquid (?). 

/. Add to the second portion of ferrous-ammonium sulphate 
solution an equivalent amount of dilute sulphuric acid, heat 
to boiling, and add nitric acid [Desk] drop by drop (mix after 
each drop) until there is no further action (?). What gas is 
liberated? 

g. Dissolve a single crystal of sodium nitrate in 1-2 c.c. of 
water, and add a part of this solution to the remainder" of the 
ferrous-ammonium sulphate solution from e. Pour concen- 
trated sulphuric acid cautiously and steadily down the side of 
the test-tube until it forms a considerable layer at the bottom 
of the tube. Note the brown ring between the layers, and 
explain by reference to e and /. This constitutes a de^eate 
test for mtric acid or a nitrate. In what way does the avoid- 
ance of mixing (and consequent ring-formation) contribute to 
the ddicateness of the test? 

h. Take 2-3 c.c, of concentrated nitric add in a test-tube, 
warm it slightly, and lead through it a stream of nitric 
oxide (?). By w^ting until the mr has been wholly displaced, 
make certain whether the colored gas is formed by an inter- 
action of the nitric oxide with the nitric add, or simply by 
contact with the air in the test-tube (?). 

96. Nitrogen Tetroxide. Fit a hard glass test-tube with a 
cork and L-shaped exit tube, and see that it is air-tight. Place 
8^10 g. of lead nitrate in the tube and damp it in a horizontal 
position. Prepare a strone solution of somum hydroxide by 
dissolving 2 g. of the sohd in 7 c.c. of water and allow the 
dehvery tube to reach the bottom of this solution. Now heat 
the lead nitrate (?) persistently until gas is no longer given off, 
or until the Equid is no longer soapy to the touch. If all the 
gas is not absorbed in the dkah, test the escaping bubbles ior 
oxygen (?). Use the solution in 100 d. 
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What is the recddueT What other nitrate have we decom- 
poaed in the same vay (SB)? This behavior when heated is 
typical of the nitrates of the heavy metala, and may be used 
for identifying them. Which nitrates, when heated, would 
leave the metal, instead of the oxide [R 362] ? Why do com- 
mercial specimens of mercuric oxide (R 657], when heated in 
the preparation of oxygen, frequently give ofE a brown gasf 

96. PrincipleH Involved in Making Nitric Acid. 

a. Addition of copper (94 a) to a liquid containing nitric 
add gives red vapors. Is this a teat for any substance con- 
toning the nitrate radical, or only for nitric acid 7 Dissolve a 
Uttle sodium nitrate in water, add a copper nail, and warm (?), 

b. Was nitric acid formed in 93 on mixing sodium nitrate 
and sulphuric acid, before the distillation began? Solve this 
question by mixing sodium nitrate (finely pulverized) with 
concentratcKl sulphuric acid, adding a very little water [Caution] 
and agitating for a minute or so. Lower a glass rod dipped in 
ammonium hydroxide solution into the test-tube (7). Apply 
also the copper test as in a (7). 

c. Is the action of sulphuric acid upon sodium nitrate rever- 
sible? Take 2-3 c.c. of concentrated sodium-hydrogen sulphate 
solution and add to it an equal or even greater volume of pure 
[Side^elf] concentrated nitric acid. Cool the mixture m a 
stream of cold water and stir with a glass rod (7). The salt 
solution must be sufBciently concentrated, otherwise the ex- 
periment will fail. Examine with a lens the crystalline product 
that separates out (7). If the action is reversible, what 
enabled us to obtain a large yield of nitric acid in 939 

d. Will other acids behave like sulphuric acid? Mix some 
pulverized sodium nitrate with phosphoric acid, agitate for a 
minute or two, and appl;^ the copper teat as in a (7). Could 
phosphoric acid be used in the preparation of nitric acid as in 
83? Why? Could hydrochloric add be used [R 182, 440, 
448] 7 Could hydrofluoric add be used [R 241, 440] 7 Give 
reasons for your answers. 

97. Properties of Nitric Add. 

a. If 93 was performed, note the color of the sample (1). 
Blow some air from the blast through the acid (7). What is 
the color of pure nitric acid? To what substance was the color 
of this sample due, and by what action was it formed? What 
property of nitric add does its formation indicate? Blow the 
moist air of the breath over this spedmen {?). What property 
does this indicate? Determine the boiling-point of anhydrous 
nitric add by boiling this sample in a distilling-fiask with a 
thermometer immersed in the vapor (7). 
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b. Test dilute nitric acid with litmus paper (?). 

c. Add 1 g. of sulphur to 2-3 c.c. of concentrated nitric add 
and boil [Hood] for two or three minutes (7). Is there any 
evidence of action? Pour the clear liquid into another test- 
tube, dilute with water, and teat for the sulphate radical (?). 
What property of nitric acid is here shown? 

d. The interaction of dilute (16 c) and of concentrated 
(16 d) sulphuric acid with metals has already been studied. 
Try the action of (a) magne^um and (b) zinc, separately, 
either upon dilute or upon concentrated nitric acid, and of 
_{c) copper upon both, and explore the whole action thoroughly 
in each of the four cases as follows; 

Fit up a aide-neck test-tube with a dropping-funnel passing 
through a perforated cork, and attach a delivery tube (or use 
an ordinary test-tube with cork and delivery tube). Place a 
small amount of the metal in tht; tube and admit the acid 
from the dropping-funnel. After the air has been displaced, 
collect the sas over water in a test-tube inverted in the pneu- 
matic trough (or in an evaporating-dish). 

If the gases in the generating tube remain colored, nitrogeo 
t«troxide is present. If the gas is at firat colored, but becomes 
colorless, nitric oxide is present: confirm by admitting air to 
the tube in which it has been collected (?). Hydrogen, if 
liberated alone, would show neither of these properties, but 
might be identified by its inflanunatuUty (?). If both hydro- 
gen and nitric oxide are liberated, why may we not feel confi- 
dent of being able to cause the former to bum when thus 
diluted? How can the nitric oxide be separated (M d or e) 
so as to leave the hydrogen in an inflammable condition? 
Examine the gas in each case for these three substances. 

If ammonia is formed in any of these four cases by complete 
reduction of the nitric acid, where will it be found, and in what 
condition? (Consider all the circumstances carefully, or you 
will answer wrongly .1 Teat for its presence (93 d) (?). Evap- 
orate on a water batn pood] the solution remaining in the test- 
tube after any one of these experiments (?). Collect the residue 
and heat it in a dry teBt>-tube (?). In what form of combination 
was the metal (96)7 

e. Grasp a test-tube by means of a strip of folded paper (Fig. 5, 
p. 14), place in it a piece of granulated tin, and add some con- 
centrated nitric acid(?). When the action has exhausted itself, 
add much water and boil. Fit a small filter paper carefully into 
a funnel pf ote 24, p. 9], collect the solid product upon the filter 
and wash PJote 38, below] precipitate and paper with water. 
Test the filtrate as it runs through to see whether it becomes 
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neutral (7), Spread the filter paper with the jsredpitate upon a 
water batJi or radiator to dn' and ascertain aa in 90 whether the 
product ia a nitrate (7). Why would the test in M y be unsuit- 
able here? 

/. Comparing dilut« and concentrated nitric add with the 
same forms of sulphuric add, what points of resemblance and of 
difference have you observed? 

Account for the differences in the actions of dilute and of con- 
centrated nitric acid in c, d, and e, in respect to the gaaeous prod- 
uct of reduction which is typical of each, 

g. Dip a piece of wool in concentrated nitric add, or note 
the nature of the products formed when the add falls upon 
the hands or clothing (7). Would cotton behave in the same 
way7 Explmn [R 441]. 

k. To 1-2 c.c. of nitric add add 3-4 c.c. of pure, concen- 
trated hydrochlaric add, warm gently, and note the appear- 
ance and odor (7). Will these acids, singly, attack all metals? 
£xplain (7). What metals are attacked only by the mixture 
(aqua regia), and why? What form of combination do iba 
metals assume? 

Note 38. '^In filtering, observe the directions in Note 24. To 
wash a precipitate first let the mother liquor drain away completely 
and press the precipitate with a spatula. Then cover the contents 
of tne funnel, including the whole paper (why?), completely (and 
repeatedly, if necessary) with the washing materiaL When the 
waahing is complete, <ty the product by pieseing with dry filter 
paper. 

98. mtroos Oxide. 

a. In a test-tube or small flask provided with a cork and 
delivery tube (Fig, 10, p. 24), place 10 g. of ammonium nitrate. 
Heat cautiously with a small flame [CareI], and, after the air 
has been expdled, collect the eaa in two bottles over water 
(warm water, if available. Wliy7). Why is the stream of 
gas so slow, relatively to the vigor of the action? What are 
the relative volumes of the products at 100*' 7 

6. Into one bottle lower a glowing splinter of wood (7). 

c. Into the other bottle lower a denagrating spoon contain- 
ing a very little burning, red phosphorus (7). If this experi- 
ment were to be conducted in a closed ve^el, what, if any, 
change In pressure would be observed after the products had 
ooo1m7 

90. Nitrates. 

a. How does lead nitrate behave when heated? What other 
nitrates behave like it? How does ammonium nitrate b^iave 
when heat«dT 
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b. Take 2-3 g. of sodium nitrate in a hard ^ass test-tube; 

and heat strongly and persistently until the evolution of gal 
ceases. Teat the escaping gaa for oxygen. Use the remdue in 
100 a. What nitrates behave in this way when heated? 

100. WitriteB and HitrouB Acid. 

o. When the residue from OT b has cooled, add not more than 
3 c.c. of water, shake vigorously until the whole has dissolved, 
and divide into three parts. To one portion add dilute sul- 
phuric acid (?). How could a nitrite be distinguished from a 
nitrate? 

b. To 5 c.c. of starch emulsion add a drop of potassium iodide 
solution and some dilute sulphuric acid, and then introduce a 
Uttle of the solution from a (7). 

c. DOute 1-2 c.c. pota^um permanganate solution with a 
large excess of dilute sulphuric acid, and add a drop of this 
mixture to the solution from a (?). The actions in a, b, and c 
serve for the detection of nitrites and nitrous acid. What other 
characteristic property of nitrites haa been encountered (90 o)? 

d. Examine now the solution obtained by leading nitrogen 
tetroxide into sodium hydroxide (96). Take a portion of the 
solution and acidify (teat?) with dilute sulphuric acid (?). To 
the mixture add a drop of, diluted potassium permanganate 
solution (?) or some starch emulsion containing a drop of potas- 
sium iodide (?). What substance was present? 

To ascertain whether this alkaline solution contains a nitrate 
as well as a nitrite, the latter must first be eliminated. To the 
remainder of the alkaUne solution, transferred to a small flask, 
add at least 5 g. of ammonium chloride [Hood] and heat to 
boiUng (7). Explain the evolution of ammonia. What other 
gas is given off (90 a)? When the action is entirely over, add 
about 10 c.c. of water, and shake. Prepare 2-3 c.c. of a concen- 
trated solution of ferrouB-ammonium sulphate [Note 37, p. 68] 
(or of ferrous sulphate), add to it 1-2 c.c. of the solution to be 
examined, and complete the teat for a nitrate described in 
94 g (?). Write now the equation for the action of nitrogen 
tetroxide on sodium hydroxiae. 

101. Active (Nascent) State ot Hydrogon. Dilute some 
potassium permanganate solution with water, and add an equal 
volume of dilute sulphuric acid to it. Divide into two parts. 
Through one pass a stream of hydrogen ^ from the laboratory 
supplv or from a Kipp's apparatus (?). To the second add soma 
zinc dust, and shake (?). Interpret the result. 
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CHAPTER XIV. 

PHOSPHORCB. 

102. Phovhonia. What difference in general chemicaJ 
behavior do the two allotropic modificationa of phosphorus 
exhibit [R 459] ? What product is fonned when phosphorus 
bums in excess of oxygen, and what is formed when the oxygen 
ia limited in amounttR 464] 7 

103. Phosptalne {Hood]. Place a very small piece of cal- 
cium phosphide in a little water in a beaker (?). What mods 
of forming ammonia is similar to this, and how is it omUarT 
S«peat, using dilute hydrochloric add mstead of water (T). 
What mode of forming hydrogen sulphide is similar to this, 
and how is it similar? In what ways does phosphlne differ 
from ammonia [R 461] ? Which of the diSerences are shown 
in these experiments? Why should we expect ammonia and 
phosphine to be alike? Test with litmus the water in which 
the wcium phosphide was placed (?), and explain. 

104. Hataphospfaoric Acid. 

a. Throw 2 g. of phosphorus pentoxide, in minute portions 
at a time, into a beaker coiitaiiiing 10 c.c. of cold distilled 
water (7). Allow the liquid to stand for a few minut es, or 
until clear. Test the liquid with litmus paper (?). What 
acid is present [R 464] ? Use the solution for b and c sjid IDS a. 
Why could not the product made by burning phoephorus in a 
cloced volume of air oe used in this case? 

h. To a part of the solution from a add silver nitrate solu- 
tion, a little at a time, shaking between additions, until a per- 
manent precipitate (color?) is formed (?). Is an action like 
this reversible? Is this action incomplete? To answer, add 
one or two drops of diluted (1 :4 Ai^.) ammonium hydroxide 
solution observe whether the precipitate increases, and ex- 
plain. This is a reaction of what iou? What other substances 
would give it? 

c. To I c.c. of albumen solution, add one or two drops of 
the solution from a [R 468] (?). This is a reaction of the free 
acid only, and not of metaphosphate-ion. 

105. Orthophosphorie Acid. 

a. Dilut« the remainder of the solution of metaphosphoric 
acid from 104 a with 10 c.c. of water, and boil in a small flask 
vigorously for an hour or more. If necessary add more water 
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to make up for the loss by evaporation. Cool the aolutioc, 
treat portions of it with silver nitrate and with albumen, as in 
104 b and c, and answer the same questions. How may the 
formation of this add, duriiw the bolBng, be hastened [R 465]? 

b. Heat 1 g. of red phosphorus with 5 c.c. of slightly diluted 
nitric acid in a teat-tube (?). When the action has ceased, 
filter, if neceesary, and drive oS the water and excess of nitric 
acid completely oy evaporation [Hood] on a water bath. Mix 
with a few drops of concentrated nitric acid the syrup which 
remains, and evaporate once more. It is essential that>all the 
nitric acid be finally removed (why?). Redissolve the syrup 
in water and test with Utmus paper (?). 

Treat part of the solution with silver nitrate as in 104 6, 
and answer the same questions (a black precipitate with silver 
nitrate is due to phosphorous add [H 469] formed by incom- 
plete oxidation). 

c. Take 5 c.c. of the solution of ammonium molybdate in 
nitric add [Side-shelf], add to it two drops of the solution of 
orthophosphoric add prepared in b, and warm gently (?). 
This is a very deUcate test for phosphoric add, or orthopho». 
phate-ion. 

106. PhosphataB. 

a. Take some sodium pho^hate (secondary sodium ortho- 
phosphate) solution and test it with litmus paper (?). What 
ions are present? Are acid salts always add towards litmus 
^4 6)? If not, explain why they are not. Explain also the 
actual reaction of this solution. 

b. To a small part of the sodium phosphate solution add 
silver nitrate solution until the precipitation is complete (?). 
What is the precipitate (see 106 a and 6) ? What are the reac- 
tions towards litmus of the sodium phosphate (a), and silver 
nitrate solutions singly? Test the mixture with litmus 
paper (?). What ion is evidently formed, and what product 
IS therefore present? 

c. Prepare a little "magnesia mixture" by adding to 1 c.c. 
of magnesium sulphate solution a few drops of ammonium 
hydroxide and then excess of ammonium chloride solution. 
Add to the rest of the sodium phosphate solution a little of 
this mixture (?). In making the equation, disregard the 
ammonium chloride, which is iulded only to prevent predpita- 
tion of magnemum hydroxide. This is another test for the 
presence of what ions? 

d. Strongly beat [Blaat-Jamp] 2 g. of dry sodium phosphate 
in an open crudble for twenty minutes, or until no further 
ohwge is observed (7). Dissolve the cold mass in water Qt 
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dissolves very slowly), and test a portion of the solution with 
silver nitrate solution (7). This is a reaction of what ion? 
Take the remainder of the solution, hberate the acid (7) by 
adding acetic acid, and introduce a few drops of the liquid 
into a solution of albumen (?). 

Make a table showing the effects of the three phoephoric 
acide upon albumen and the colors of their silver salts. How 
could you identify salts of the three acids? 

e. Heat strongly [Blast-lamp] 2 g. of microcosmic salt as 
in d. Note the odor (?) and reaction towards moistened litmus 
paper (?) of the vapors given off, Dissolve the residue in cold 
water and use the tests tabulated in d to learn what salt has 
been formed. 

/. Make a bead on a straieht platinum wire as in 3 c, using 
microcosmic salt instead of Dorax. Of what must the bead 
conMst? Now fuse witb it (S d) a minute particle of cupric 
oxide (?). What difference do your experiments show as to 
the relative stabihties of NaPO„ NaNO, (90 6), and KCIO, 
(16 a) 7 

107. Halldas of Phosphorus. 

a. What were the actions of water on the tribromide (44 b) 
and tri-iodide (48 b) of phosphorus? 

6. Place 2-3 c.c, of phosphorus trichloride in a dry test- 
tube and blow the breath over the tube (?). Add water drop 
by dr^ (?) until about 5 c.c. has been used, then boil the solu- 
tion (Fig. 5, p. 14). Test the vapor with htmua paper (?) 
and with a rod dipped in ammonium hydroxide (?). Evapo- 
rate [Hood] the solution to a syrup on the water bath (?). 

c Transfer part of the syrup from 6 to a small test-tube and 
heat until the gas evolved may be ignited at the mouth of the 
tube (?). Note the odor of this gas before igniting it (?). 
Continue heating until the action is over. Ascertain according 
to 106 d which of the phosphoric adds constitutes the 
residue (?). 

d. Dilute 1 c.c. of potassium iodide solution with wat«r and 
dissolve in the liquid a crystal of iodine. Add to this solution 
a httle of the syrup from b, and shake (7). 

e. Place upon a watch-glass 5 or 6 small granules of phos- 
phorus pentachloride and blow the breath over them (7). 
Throw them into 2-3 c.c, of water in a test-tube (7) and boil. 
Test the solution with litmus (7). To a small part of the cold 
solution add excess (test?) of silver nitrate solution (7). Fil- 
ter. What remains upon the paper {?), To the filtrate add 
diluted (1 : 4 Aq.) ammonium hydroxide drop by drop (shake 
between drops) (7). 
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106. (HuttcoaL 

a. Place a small piece of charcoal in a test-tube half full of 
water (?). Now hold it under the water with the reverse 
end of the file, and boil the water for several minutes (7). 
When the whole baa cooled, test once more the tendency of 
the charcoal to float (?). Explain. 

b. Boil dilute solutions of Utmus and indigo, separately, 
with pulverized animal charcoal, and filter each liquid (?). 
The activity of the charcoal is much increased by previous 
heating in a covered crucible. 

c Rt a hard glass test-tube with a cork and L-tube. Mix 
Intimately in the mortar 1 g. of pulverized cupric oxide with 
1 g. of pulverized wood charcoal and place in the tube. Heat 
perriatently piaat-Iamp] and pass the gases through 5 c.c. of lime- 
water (?). Examine the residue by rubbing vigorously under 
water in the mortar and washing away the lighter particles (?). 
What property of carbon is here illustrated? 

109. Carbon Dioxide. 

a. Place a few small pieces of magnesite (magnesium car- 
bonate) in a hard glass test-tube fitted with a cork and L-tube 
and heat strongly. Pass the gas through 5 c.c. of hme-water 
in a test-tube (?). What is the residue [R 643] ? 

b. Pit up a geneiating-flaak (Fig. 8, p. 20) and connect with 
two wash-botlles (Fig. 18, p. 69) containing water and con- 
centrated sulphuric acid, respectively (what is the use of each 
of these? The latter is unnecessary if 110 is omitted). Place 
in the flask some pieces of marble and pour upon them diluted 
hydrochloric acid. Collect the gas in two bottles by dowu- 
^rd displacement. 

What substances could be substituted for marble in this 
experiment? What other sources of carbon dioxide have been 
encountered (13 c, 108 c, 100 a; see also 111 a and c, 118 6, 
114 t, 118)? 

c. To one add a little water, dose with the band, and 
shake (?). Is the gas soluble in water, or not ? 

Use tiiB second to compare ite wdght with that of Mr. 
Employ baryta-water as a test. 

d. Take two test-tubes containing distilled water, pass » 

00 
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current of the gas into one, and test each with litmus paper (T) . 
Boil the solution, and test agun with litmus (?}. E:q)lain. 

e. Lead the gafi into a little sodium hydroxide solution in a 
test-tube until the solutton is saturated (test? Note 36, p. 67). 
Let the solution stand until it dries spontaneously (first residue). 
Heat the dr^ residue (?) in a test-tube, and det^mne what two 
things are given oB. 

To this residue after heating (second reddue) add dilute 
hydrochloric acid until all action (7) ceases. Evaporate the 
solution on the water bath, and examine and taste this final 
residue (?). Having recognized the producte of the last action, 
and taking into account toe preceding observations, state what 
the nature of the second and first residues must have been. 
Write equations for all actions. 

110. Holeenlar Weight of Carbon Dioxide [Quant.]. 

o. Determine the weight of a measured volume of the gas by 
the method used for sulphur dioxide (78), and calculate the 
weight of the gram-molecular volunie. What further informa- 
tion must we have to enable us to determine the formula? 

b. Use the quantitative results obtained in the synthesis of 
carbon dioxide (34) aloug with this molecular weight, to calcu- 
late the weights of carbon and of oxygen in a molecular weight 
ol the gas. What further steps are necessary in order to fix 
the atomic wdght of carbon? 

111. Oarbon If onozid«. 

a. Heat about 10 g. of oxalic acid crystals with concen- 
trated sulphuric add in a generating-flask (Fig. 8, p. 20), and- 
fill a bottle over water with the gas which is given off. Shake 
with lime-water (?). With what substance should we wash 
the gas to remove the carbon dioxide? Arrange a wash-bottle 
to purify the gas. Fill two bottles with the purified gas over 
water. Test one with Ume-water again (?). If the gas is 
pure, bum that in the other bottle, add lime-water at once, 
close quickly, and shake (?). 

b. Devise a way of ascertaining roughly the relative volumes 
of the two gases generated in a, and measure the proportion in 
a test-tube iiill of the mixed gases. 

c. Pass a stream of the purified carbon monoxide over a 
little pulverized cupric oxide, heated in a boat in a hard ^ass 
tube (7). What gas is formed? What renuuns in the boat? 
What is here the reducing agent? 

112. Holftcular Weight ol Carbon Monoxide [Quant.]. 
Obtwn [Storeroom] a round-bottomed, 250 c.c, flask. Fit it 
with a rubber stopper through which passes a short, straight 
tube. Attadi to tne latter & short piece of rubber tubing 
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cloaed with a strong pinch clamp. Iifake a mark on the neck 
at the bottom of the stopper, so as to be able to measure the 
exact content of the flask up to the stopper. Place 30 c.c. of 
water m the flask, insert the stopper, remove the clamp, and 
boU the water vrith a small flame for about Ave minutes, so as 
to drive out all the air. Close the rubber tube with the clamp 
and remove the flame quicldy, wipe the flask and allow it to 
cool. When it has assumed the temperature of the air, wei^ 
the whole carefullr, suspending the flask on the balance by a 
thread tied round the neck. Connect with the apparatus 
delivering pure carbon monoxide, and open the clamp a veiy 
little BO as to admit a slow stream of the gas. When the fla&k 
is full, close the clamp, disconnect from the generating appara- 
tus, open the clamp for an instant to restore the pressure to 
that of the atmosphere, and weigh again. The gain in weight 
represents the weight of the carbon monoxide. Bead the 
buometer and thermometer. Subtract from the barometric 
reading the aqueous tension at the observed temperature. 
Ascertain the volume oi the flask by filling with water to the 
mark and weighing again. 

Calculate the weight of the G.M.V. of the gas. 

To what class of gases would this method of detennining the 
density and molecular weight be apphcable? Why could not 
this method be used for carbon dioxide? 

113. H«thane (Marsh Gas). 

a. Pulverize about 5 g. of fused sodium acetate and about 
20 g. of soda-Ume (a mixture of quicklime and sodium hy- 
droxide). Mix the ingredients intimately in the mortar, and 
place in a large test-tube fitted with a one-hole cork and deliv- 
ery tube (Kg, 6, p. 15). Rap the test-tube gently so as to form 
a space for the passage of the gas. Then clamp the tube close 
to the cork in a slightly inchned (5°) position, so that it slopes 
toward the mouth (why?). Slip over the tube a cylinder of 
wire gauze, and, beginning at the rear or sealed end, heat the 
contents gently until the evolution of gas is uniform. When 
all the air is tfisplaced, collect one bottle of gas over water. 

Attach a smml nozzle to the end of the delivery tube and 
ignite the gas. Note the color and degree of luminosity of the 
flame (?). Hold over the jet a dry inverted beaker and observe 
one product of the combustion (7). 

h. Hold the bottle containing the gas mouth downward 
and apply a light (7)- QH'*''^^ P°^ '"''*' ^^^ bottle some lime- 
water, and atiake (?). What volume of oxygen is required for 
the complete combustion of one volume of methane, and what 
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ratio wil] the resulting volume of gases bear to tlie ori^ual 
volume of methane, at 0° and at 100°, respectively? 
114. Ethflsne [Hood]. 

a. Fit a 250 c.c. flask with a doubly-bored cork, through 
which pass a droppiog-funnel and L-tube. Attach & gas- 
washing bottle contaimng a httle water, and connect an L- 
shaped deUveiy tube. Teat the apparatus to see that it ia 
air-tight. Place in the flask about 20 c.c. of phosphoric add, 
and clamp it to a riDg-stand over a sand bath. Introduce into 
the bulb of the dropping-fumiel (or substitute, 8S b) some 
alcohol. Finally, heat the phosphoric add, and when it has had 
time to reach 220°, admit the alcohol drop by drop beneath the 
surface of the phosphoric acid in the flask. 

b. Fill a bottle with the gas over water and apply a light (?)■ 
Quickly pour some lime-water into the bottle, and shake (T). 
Attach a noEzle to the exit tube of the wasliing-bottle and 
raise the other tube clear of the water (why?), ignite the gas. 
and observe the luminodty of the flame. What commercial 
use has ethylene [R 513] 7 Hold a cold, dry beaker over the 
flame (?). What are the products of complete combuBtion 
of all hydrocarbons? 

c. Detach the nozzle, reattach the delivery tube to the exit 
tube, and lower the other tube of the washing-bottle once more. 
Place 1 C.C. of bromine [Ca-utionI] in a test-tube, cover it with 
6 c.c, of water, put the t«st^tube into a beaker filled with cold 
water, and allow the gas to bubble into the bromine. When 
the color of the bromine has disappeared, examine the contents 
of the teat-tube (?). Is the product colored? Is it soluble in 
water? What do you infer as to its specific gravity? Detach 
the dropping-funnel, wash it out, and place in it the contents 
of the test-tube. Draw off the lower, oily layer into a diy 
test-tube and note its odor (7). Try its solubility in alcohol (?). 

_ Why is the accepted formula for ethylene preferred to the 
simplest? What volume of oxygen would be required to bum 
one volume of the gas completely? What would be the relative 
volumes of the products at 0° and 100°, respectively? What 
volumes of bromine vapor and ethylene would be required foi 
complete combination, and what would be tie relative volume 
of the product (in the state of vapor) ? 

116. Acetylene. Fill a test-tube with water and invert it 
in water in an evaporatiog-dish. Introduce a small piece of 
calcium carbide under the mouth of the tube (?). Test the 
water with htmus (?). Bring a light to the mouth of the 
tube (7). Note the luminosity of the flame, and compara vitb 
flames of methane and ethylene (?). 
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Can you state a general method for making ^rdridea of noo* 
metala (such as C3.. PH„ NH^? Can SH, [B 645] and OH 
[R 715, 718] be formed smailarly? 

116. TIIti ml iii^ H n g -daji . 

a. Heat some sawdust in a dry test-tube (7). Koto the 
odor (?), reaction towards moist litmus paper (?), and combus- 
tiKlity (?) of the vapors. What is the residue? 

b. Repeat a, u^gbituminoiia coal (?). 

c. Pulverize a few particles of potaasium sulphate. Take a 
small Bunsen flame and reduce the supply of air until a small 
luminous re^on appears. Heat the platinum wire, touch the 
salt with it, and hold the adhering powder steadily in the lumi- 
nous part. After a minute or two, withdraw the bead, place it 
upon a clean sUver coin and moisten with a drop of water (?). 
Explain the result. What are the reducing agents used h&Kt 

117. Adds. 

a. To 1 g. of sodium acetate add some dilute sulphuric add, 
and warm. Note the odor (?). Eow could you use this action 
to make acetic acid? How is it manufactured [R 498] ? 

6. Take 5 c.e. of acetic acid. Test with litmus paper (7), 
Recall its interaction with zinc or iron (16 e) (7). To the acid 
add 3-4 g. of litharge and boil gently for a fewminutes (?). Fil- 
ter, if neceasary, while hot, and set the clear solution aside to 
(Ay^Ilize (?). What is the common name of the product [K]? 

118. Alcohol. IHssolve 20 g. of glucose syrup in 150 c.c. of 
water and add yeast. Fill a flask to the base of the neck with 
the mixture, tie a piece of filter paper over the mouth with 
thread [Side^helf], and set the whole aside in a wana place for 
3-4 days. Then wann the solution and test the gas which is 
pven jfE for carbon dioxide (?). 

inter the hquid and place it in a larger flask, fitted with a 
cork and L-tuoe, and connect (Fig. 14, p. 45) with a con- 
denser [Storeroom]. Distil off about 50 c.c. Place the distil- 
late in a distJlling-flask [Storeroom] fitted with a thermometer, 
boil with a small flame, and catch the part which passes over 
between 75° and 93°. 

Note the odor of the distillate (?). Test it with litmus 
paper (?). Use one drop to ascertain whether it bums. To 
the rest add a crystal of iodine and enough sodium hydroxide 
solution to dissolve it. ShaJ^e vigorously, and do not add more 
alkali than is at^olutely necessary, w^um the solution and 
then cool it (?). This ia the iodoform test for alcohol. 

119. Estan. 

a. To 1 g. of sodium acetate add 1-2 c.c. of alcohol and 1 c.c. 
of concentrated sulphurio add. Wann, if necssary, agitat« 
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for a minute or tvo, and note the odor (?). This is a tut for 
acetio acid or an acetate. 

b. Place in a porcelmn dish a piece of fat ttie size of a pea; 
and add 4 c.c. of alcohol and five drops of a 50 per cent soli^ 
tion of sodium hjrdioiide (made with 1 g, of the solid and 1 cc 
of water). Stir constantly and boU very gently until the odor 
of alcohol is no longer perceptible, then stop. The alcohol is 
used as a common solvent for the fat and the aliaJi. What is 
the resdue pt 505] ? 

IHssolve the soap in hot water, cool, and to half of the solu- 
tion add dilute hydrochloric acid, and shake vigorously (?). 
Withdraw the floating coagulum by means of a glass rod, sus- 
pend it in water in a teat-tube, add a few dro ps of sodium 
hydroxide, and heat until solution takes place. What do you 
conclude from Its solubihty in the alkah? 

To the other half of the soap solution add calcium chloride 
solution (7). Explain the action of hard water [B. 594] on aoqi 
solution. 
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CHAPTER XVL 

THS ACnvi'IT or ACIDB USA8UBED CHmUCALLT, 

120. EBtimation of tho BslatlTS AcUvlty of Adda. Charao- 
terize briefly some of the methods available for meaauring the 
relative activity of adds [R 679]. 

a. When methyl acetate is mixed with water, it undergoes 
hydrolysia very slowly, acetic acid and methyl alcohol being 
formed: CH,.C^,0,+H,0*^CH,OH -f HCJIA. Add about 
1 c.c. of methyl acetate to 10 c.c. of distilled water in a test- 
tube, test with litmua paper (7), and cork up and label the 
mixtmre. After several days, t^t once more with Utmus (?) . 

Hiis action of water is found to be greatly hastened by the 
addition of free acids, althoi^h the adds remain themselves 
unchanged by the process. Equivalent quantities (7) of dif- 
ferent acids show very different accelerating powers toward 
this reaction. The order in which they are placed by measure- 
ment of this particular form of activity, however, is the same 
as that into wnich they fall when compared by any of the other 
methods. The extent to which the change has taken place can 
be measured at any moment by titration with alkali. The 

auantity of acid wtuch was present at starting being known, 
le quantity found is the same acid plus the acetic acid set 
free by the progress of hydrolysis. Subtraction gives the quan- 
tity of the latter, and this quantity ia a measure of the activity 
of the accelerating add. The activities of hydrochloric and 
sulphuric acids are compared in h by this method. 

(Two students working together). Procure two 20 c.c. 
stoppered, graduated flasks.* and a 10 c.c. and a 1 c.c. pipette 
[Storeroom]. Mark the flasks with a £Ie so as to be able to dis- 
tinguish them, and into one measure exactly 10 c.c. of normal 
(7) hydrochloric add, anij into the other 10 c.c. of normal (?) 
sulphuric acid. Put exactly 1 c.c. of methyl acetate into eadi, 
and fill both flaska with distilled water up to the 20 c.c. marie 
at once (why at once?). Stopper the flasks tigbtlj;, mix the 
contents, and suspend both so that their necks are just above 
the water in a large bath (use the pneumatic trough) heated to 

luftted flasta), canunon flasks with cork atoppeia 
— --*' each Sask 10 o.a. of acid and then, with 



• Instead ot eraduated 
may be used. Heasnre inb 
the same rapettv, 10 cc. ot 
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about 45'. K the bath is fairly large, further external heating 
will not be necessary. Otherwise, miunttun the temperature by 
meanfi of a small flame. In accurate work the temperature 
must be kept constant within 0.1° during the experiment by 
means of a thermostat. Allow the floaka to remain in thia 
position for 30 minutes (I). 

While this is going on make some normal (or approximately 
normal — 4 per cent) sodium hydroxide and nil a burette 
with it. Take fresh portions of 10 c.c. of each of the acids and 
titrate them with the alkali, umng two drops of phenolphthalein 
aa an indicator. Record the results. These numbers measure 
the amoun^ of mineral acid, at starting, in each fla^. 

When the above time has elapsed, remove both flasks from 
the batb, transfer the contents of each to a separate beaker, 
rinsing out the flasks with distilled water. Add two drops of 
phenolphthal^ to each portion and titrate with the solution 
of sodium hydroxide used before. The difference (d) between 
the volumes of alkaU required for the neutralization of 10 c.c. 
of each add with and without methvl acetate represents the 
amount of sodium hydroxide required to neutraliise the acetic 
acid liberated in the hydrolysis. The two values of d obtained 
are functions of the activity of the acids. Which acid is more 
activer What, according_ to the theory of ionization, ia redly 
measured in these experiments? What does the result of o . 
ihow water to be? 

Calculate 8, the speed with constant, unit concentration, by 
Ute formula for a unimoleonl^ action [R 3521 . The Initial con> 
oentratlon (e,) of 1;20 is equal to 0.67 moles per liter. The 
proportion tninsformed (x), which must be expressed In the 
same units, is d/30 moles per liter. Then 8 — l/l logn 
{C|/(c,— in)}. The ratio of the values of S for the two acids 
dsflnea their relative activltiBs. The time (I), being the same 
for both, may be neglected, and common logarithms may be 
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CHAPTER XVn. 

BUJCOIt AND BORON. 

ISl. UUca. MjT 1 g. of finely powdered dUca with 4-5 g. 
of anhydroua sodium carbonate. Make a small watch-spring 
spiral on the end of the platinum wire, and, by alternately heat- 
ing in the Bunsen flame or blast-lamp, and dipping in the Tosx- 
ture, obtain & large bead and heat it strongly till all action (7) 
seems to have ceMed. Place the bead in a test-tube and make 
others by the some process. I^sBolve the beads in a small 
amount of water. Add hydrochloric acid a drop at a time 
until the solution is strongly acid (?). Evaporate the solution 
to dryness on the sand bath (7). Treat the residue with warm 
water^ wash the whole contents of the dish into a test-tube, and 
examme (?). 

123. Analysis of a Silicate. Mix dry potassium carbonate 
with anhydrous sodium carbonate in equal proportions in a 
mortar. CoLl the platinum wire to watch-spring form, Mix a 
little powdered talc (is this soluble in water? What is its com- 
mon name?) with 6-7 times as much of the "fusion mixture," 
and hold some of the result on the platinum wire in the flame of 
the blast-lamp till it is completely melted and all action (?) 
has ceased. Repeat till several beads are obtained. Treat tile 
beads with boilmg water in a test-tube until they are com- 
pletely disintegrated. Filter through a small filter paper and 
wash the precipitate with water. Preserve this filter paper 
and precipitate for use later. Acidify the filtrate with concen- 
trated hydrochloric acid and proceed as in 121. 

Make a hole in the paper and wash the precipitete obtained 
above into a test-tube. Add dilute hydrochloric acid, and 
warm (7). Filter, if necessary, and add ammonium hydroxide 
to alkaline reaction (?). The precipitate is aluminium hydrox- 
ide. Boil and filter. To the filtrate add a few drops of ammo- 
nium hydroxide, some ammonium chloride aolution, and some 
sodium phosphate solution, and shake (?). Compare 106 c. 

123. SiUcoa TetraflnoTlde. Mix intimately 1 g. of pulver- 
ised calcium fluoride with an equal weight of sand, place in a 
test-tube, and moisten the mixture with concentrated sul- 
phuric acid. Apply a gentle heat {?), Hold a elasa rod, with 
a drop of wat«r at its lower end, in the gas ana examine the 
rod(?5. 
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134. Boric Add. 

a. Pulverize some borax and make a strong solution In 
boiling water. Add concentrated hydrochloric add until the 
solution is strongly acid, and set aside to cool (?). Filter off 
the crystals, wa^ with a few drops of cold water [Note 38, 
p. 85], and dry. Dissolve the crystals in the smallest poaable 
amount of boiliog water, and set the solution aside (7). Filter, 
and wash the crystals as before. 

b. Dissolve a part of the crystals in hot distilled water. 
Test this solution, and a sample of the distilled water, wmult»- 
neously with litmus paper (7). Dip a strip of turmeric paper 

, in the some solution, wrap it round the upper part of the test- 
tube, and boil the solution until the paper is dry (?). Toudi 
the paper with a g^ass rod di|)ped in sodium hydroxide solu- 
tion (?). This is a test for boric add. 

Treat the rest of the crystals with cold sodium hydroxide 
solution (7). 

c. Place on separate parts of a watch-glass a drop of concea- 
trafed sulphuric add, a drop of glycerine, and a very little 
pulverized borax. Hub the end of a platinum wire in each of 
these. Bring the end of the wire slowly up to the outer edge 
near the bottom of a trmall Bunsen flame. How is the flame 
colored? This is a test for a borate. ' 

An alternative method: Dissolve a small crystal of borax 
in 1-2 CO. of water in a test-tube. Add a drop or two of con- 
centrated sulphuric add and then 2-3 c.c. of alcohol. Heat 
the mixture and set fire to the vapor of the alcohol. 

126. Borates. 

a. Dissolve 1 g, of borax in distilled water. Test both thia 
solution, and the distilled water, with litmus paper (7). 

Put two drops of the solution into a test-tube and dilute 
with water till the tube is two-thirds fuU. To the remainder 
add silver nitrate solution (7). Add silver nitrate solution to 
the very dilute solution also (7). The difference is more marked 
if the dilute solution is first warmed. For comparison, add 
silver nitrate solution to an exactly equally diluted sodium 
hydroxide solution (7). What conclusion do you draw in 
regard to the action of water on borax? Write the equation, 
and expldn. 

b. Heat a stnught platinum wire in the Bunsen flame, and, 
while yet glowing, dip it into a small quantity (rf borax. Re- 
turn the wire to the flame and observe the cjianges in the sub- 
stance (7) until it forms a bead. Try borax bea3s, as directed 
in 3 d, e, and /, with cupric oxide (7), manganese dioxide (7), 
and ferric oxide (7), separately. 



>;,l,ZDdbyC00^li: 



CHAPTER XVra. 

MXTALUC ELEHENra OF THE AI.EAIJBB, 

126. PotuBima Hydroxids. 

a. Dissolve about 30 g. of potaesium carbonate [Notes 10, 
II, 12, p. 2] in 200-300 c.c. of water in a lai^ beaker, and 
heat on a wire gauze to boiling. Slake 15—20 g. of quidclime 
in a beaker (7), using lieat if necessary to start the action, and 
make the product into a very thin paste with water. Add this 
wadually, and with constant stirring, to the boiling Bolution {?). 
Continue boihng for a few minutes (why?^. Let the mixture 
settle, and, when it is cold^ decant the clear liquid (or filter 
rapidly). Use the solution in 6, c, and d. 

Is caldum hydroxide appreciably soluble (Appendix TV)? 
Is calcium carbonate more or less soluble than is the hydrox- 
ide? Formulate the action and explain why it went to comple- 
tJon. What kind of hydroxides alone can be made by this 
method [R 553] ? Which hydroxides are of this kind (Appendix 
IV)? 

b. Rnd the strength of this solution by titration (alkali- 
metry). To do this, place a carefully measin^ volume (about 
10 c.c.) of the clear solution in a small flask. Dilute with 
about four times its volume of water, as the concentrated 
solution is apt to decompose the indicator. Fill a burette with 
"normal" [R 148] hydrochloric acid* [Side-shelf]. Add some 
phenolphthalein solution to the alkali and run in the acid cau- 
tiously until the red color just disappears. Kote the volume 
of acid used. Calculate the weight of potassium hydroxide 
per liter, which your measurement shows to be contained in 
the alkaline solution. Express this also in terms of a normal 
solution containing 56 g. of KOH per liter (for example, 28 g. 
per Lter would be 0.5 normal). 

c. (Two students working tt^ther). If the alkaline solu- 
tion is above normal, calculate tEe volumes of water and of the 
solution required to make 100 c.c. of normal alkali. Place the 
necessary amount of water (by weighing} in a 100 c.c. graduated 

• Or norma] oiolio acid may be prepared (two Btndanta working 
together), and used here. Calculate the weight of pure [Inatmcto^ 



o^lic aoid [E 499} required to make 500 c.c. of nomml ox&li 
■ ■■ — *■— Weighout- ■ ■■ • ■ 

_. . W 0.0. padu 

in distilled water and then fill up the Saak 



■olution fR 148]. Weigh out [quant.] this amount on glazed paper, nnd 
'TTitto - "" - - — J----J =--■^-■t■. ' *>•- . ... - -. 



trtuiafer it to a 600 o.o. graduated fiask [Storei 
,_ j=_...„_^ _... 1^- =■• ip the fi ■ ■ 

100 
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flask [Btoreroom] and fill to the mark mth the solution. (If 
the solution is less than norma], calculate and use the amounts 
required for 200 c.c. of semi-aormal alkali.) 

Measure (burette) 5 c.c. of acetic acid into a fiaak and dilute 
with about 20 c.c. of water (or take 25 c.c. of commercial vine- 
gar), add phenolphthaleln, titrate with the normal (or senu- 
nonnal) alkali, and calculate the percentage of acetic acid 
present. 

d. Place very small quantities of the following solutions ta 
separate test-tubes, dilute with water, and add excess of the 
solution of potassium hydroxide from a to each; ferric chlor- 
ide (?) ; cupnc sulphate (?) ; mercuric chloride (?). Describe the 
color and structure of the precipitates [Note 39, below]. Bcul 
the contents of each test-tube (Z). Do the precipitates dissolve 
or change in any way? 

What kind of hyi&oxideB con be made by this method? Do 
any metals fail entirely to form hydroxides [R 541] ? 

«. Pulverize a small piece of potaadum hydroxide and leave 
it exposed to the air on a wateh-gloss for 24 hours, or more (?). 
To & part of the product add dilute hydrochloric add (?). 
Simultaneously, treat a small piece of sodium hydroxide in 
exactly the same way (?). Compare the results and explain. 

Note 39. — The stnicture of a precipitate may be described as . 
Kdatinous, fiocculent, curdy, pulverulent, granular, or cryatalline. ' 
What circumstances will detenmne the structure of a precipitateT 
Hereafter, describe every precipitate by teims like these. 

137. Potaulom Vltoate. 

a. IKsBolve 25 g. of BD<^um nitrate and 23 g. of potasdum 
chloride in 50 c.c. of water and evaporate to half the volume 
on the sand bath. Fit a filter paper into a small funnel {Note 
24, p. 9]. As rapidly as possible decant the hot, clear hquid 
from the crystals and set it adde. Throw the crystals which 
appeared during belling at once on to the filter, and rapidly press 
out the rest of the mother-liquor with a spatida. Examine the 
form of the crystals and ascertain what they are (?). (If they 
are too small, recrystalhze a part slowly from water in a beaker 
in order to learn their form.) When the decanted hquid is cold, 
press the product on a filter Ukewise. Examine this set of crys- 
tals as beK)re (?). Compare both with the original substances. 

To understand the process, note the solubilities (grams dis- 
solved by 100 g, water) of the substance concerned (Appendix 
V): 

10" 100= 10° 100* 

Potasduffl nitrate 246 Fotasdum chloride 

Sodium chloride Sodium nitrate 

D,.;,l,ZDdbyC00^[t: 



102 ELEMEiTTS OF THE ALKALIES [;§ 128 

Which of these Bubatauces will first be deposited from ^tho 
boiling liquid? Ascertajn by calculation how much of it 
(roughly) will be deposited at 100°, how much more will come 
out when the liquid cools, and how much will remtun in the 
mother-liquor. What other substance will be present in large 
quantity m the hot mother-liquor, and how much of it must 
there be? How much of this product will be deposited when 
the liquid cools, and how much will be lost by remaining dis- 
solved? What per cent of the posmble yield of potassium 
nitrate may we expect to get? Dry your product, weigh it, 
and calculate what per cent was secured. 

Explain why purer potassium nitrate can be obtained by 
crystalhiing the product once more from water. 

b. Mix intimately in the mortar 5 g. of finely pulverized 
potassium nitrate with 2 g. of charcoal, and drop the mixture in 
small portions into a r^-hot crucible (?). What gases are 
evolved? What is the residue (test with an acid)? 

c. Pulverize 5 g. of potassium nitrate and mix on paper 
[Caution] intimately with 2 g. of flowers of sulphur. Throw 
the mixture [Hood] in small portions into a red-hot crucible (?). 
What gases are evolved? Dissolve the residue and add barium 
chloride solution (?). Explain the explosive power of gun- 
powder (?). 

128. PotaaslQm Cyanide [Poibon]. How is this salt made 
[R 558] ? Place 2 c.c. of potassium cyunide solution in an 
evaporating-dish, heat it, and add yellow ammonium sulphide 
solution until the color (?) no longer disappears. Evaporate to 
complete dryness [Hood]. Dissolve a part of the residue with 
water, and add ferric chloride solution (?). A black precipi- 
tate (?) indicates that the heating was not suificient. If this 
appears, heat the residue once more and try the action of ferric 
chloride ^^n. In the first part of this experiment, what 
property of the cyanides [R 507]. and which kind of ionic chem- 
ical change, are illustrated? Is this change instantaneous, as 
is the union or disunion of ions? 

120. Reactions ol Potaaslom Salts, 

a. Heat a little solid potassium nitrate on a clean platinum 
wire. Notice the color of the flame and examine with the 
spectroscope. Make a diagram showing the position of the 
Imes with reference to the D line (in the yellow), which, on 
account of the sodium present, is shown by all flames in the 
laboratory. 

b. Saturate 10 c.c. of warm water (40°) with potassium 
nitrate. Add this solution to an equal volume of tartaric add 
solution in a beaker (7). Agitate and cool in a stream of 
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mter (p. Note, aUo, the effect of rubbing the inside of the 
vesBel with a g^lftss rod. Describe the product (Sote 39, p. 101]. 
filter, and wash the precipitate with a httle alcohol 

e. Disaolve a few particles of the precipitate from b in a 
drop or two of warm water and test with litmus (7). Remem- 
benug that tartaric add is a dibasic acid (H^,H,0^, what sort 
' of salt must the product be7 

To a few particles oF the precipitate add dilute hydrochlorio 
acid(?). 

To a part of the precipitate add drop by drop potassium 
hydroxide solution (shake between drops) (?). To tne result- 
ing solution add concentrated hydrocuoric acid a drop at a 
time. Stjr vigorously with a glass rod, and cool in running 
water between drops (?). I^ln^y, try the effect of excess of 
the acid (7). 

Heat the rest of the precipitate stron^y in a porcel^n 
crudble (7). Extract with hot water, filter, and add any acid 
to the filtrate (7). The ignition of all potassium or sodium 
salts of organic acids gives the same result. 

d. Take 2-3 c.c. potassium chloride solution, and, in another 
test-tube, dilute a few drops of it ^th 10 c.c. of water. Then 
add some picric acid solution to each portion [Note 39, p. 101] (7). 
Explain the difference in behavior. 

What substance is shown to be present in a solution when ws 
get the tests in Ei and dj 
130. Ammonium Salts. 

a. What is a common effect of heatii^ ammonium salts 
(92 e) 7 Heat 1 g. of ammonium phosphate in a hard glass 
test-tube (7). Dissolve the remdue in water and test with 
litmus paper (7). Is simple heating a test for an ammonium 
salt? Do ail salts of ammonium give ammonia when heated 
(90 a; 98 d)1 Observe the odors of all the salte of ammonium 
(solids and solutions) upon the side-shelf (7), and explain. 

b. Do ammonium salts impart color to the flame? 

e. Take a solution of anv ammonium salt and divide it into 
three portions. To one add excess of tartaric acid solution, and 
shake (7). To the second add picric acid solution (7). Com- 

C these results with 129 b and d. To the third add sodium 
■oxide solution and note the odor (?)■ How should you 
distinguish ammonium-ion from any other ionic substance? 

d. Test ammonium t^oride solution with litmus (7). Do 
j^u infer that ammonium hydroxide is a very inactive base 
pi 535, 565] 7 

ISl. Sodium Oarbonftts by SolT&jr Proeus. Take 75 c.c. <3t 
iHnmoniii"i hydroxide, dilute with 25 c.c. of water, and dissohra 
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in it 25 g. of powdered ammonium carbonate by shaking 
(ammonium hydroxide Bolutioc is used instead of water in 
order to secure ultimately a higher concentration of ammo- 
nium-ion tiian could be obtained with the carbonate alone, 
the solubility of this salt being too small). Then saturate the 
solution completely with sodium chloride by prolonged agita- 
tion with finely powdered salt in a corked bottle. If crude salt 
is employed, it should be wasiied with water before use. 
Decant the clear Uquid into another bottle, fitted with cork and 
two tubes, one of which reaches to the bottom. If, because of 
delay, a dense precipitate has appeared, proceed without decant- 
ing. Through the latter tube, pass in carbon dioxide from 
the laboratory supply, or from a Kipp's apparatus, until the 
solution is saturated. This operation may occupy an hour or 
more. During the absorption of the carbon dioxide, the exit 
tube should be closed to prevent waste of tiie gas. Close the 
tubes with caps of rubber tubing plugged with glass rods and 
set aside over night (?), Filter oS the deposit, and dry by 
pressing between filter papers. 

Dissolve in water a little of the solid, which must have ceased 
to smell of ammonia (why?), and teat the reaction of the solu- 
tion with htmus (?). If the solution is not acid, explain why it 
is not so. 

To part of the solid add any dilute mineral acid (7). 

Heat the rest in a test-tube clamped so that the mouth is 
incUned slightly downward, and ascertain what gases are 
evolved. When gas ceases to be given off, dissolve the cold 
residue in a very little water, test the reaction of the solution 
with htmua paper (?), and set it aside to crystallize in an open 
dish (7). Explain the reaction with htmus (7). Dry the 
crystals, and ascertain the eSects upon them of (a) addition of 
an acid (?), and (b) of exposure on a watch-glass (7). 

Compare the solubilities of the carbonate (Appendix XV) 
and bicarbonate of sodium [R 544], and explain why the bicar- 
bonate ia made first and then the carbonate from it. 

132. Purification of Sodium Ohloride. Prepare about 150 c.c. 
of a cold saturated solution of common salt by grinding the 
salt for some time in a mortar with the water. If crude salt is 
used, it must first be washed with water. Place the solution 
in a beaker, and pass hydrogen chloride into the solution. Pre- 
pare this gas by placing a handful of conmion salt in a gen- 
erating-flask (Fig. 11, p. 29), covering it with concentrated 
hydrochloric acid, and allowing concentrated sulphuric acid to 
fall into it from a dropping-funnel. The hydrochloric acid 
prevents frothing and steadiee the stream of gas (why?). 



>;,l,ZDdbyC00g[t: 



>;,l,ZDdbyG00gIC 



>;,l,ZDdbyG00gle 



S 134] ELEMENTS OE THE AI,KALIES 108 

Deliver the gas into the solution throu^ & thistle-tube with the 
mouth downward (?). When conaderable predpitation has 
occurred, filter by putting & clean diver coin with milled edges 
in a funnel, pouring the liquid and crystals upon it, and prew- 
ing with a spatula. 

Why ia the thiatle-tube preferable to ordinary tubing? 

133, Baactlons of Sodium Salts. Take some salt of sodium 
and try the flame test, and exanune the flame with the spec- 
troecope as in 129 a. Take a solution of some salt of sodium, 
and add to one portion picric add solution (7), and to the other 
tartaric acid solution (?). Compare all the results with those 
obtained in 129 and 130 6 and c. How could you distinguish 
sodium, potassium, and ammonium salts from one another? 
How could you demonstrate positivelj^ the presence both of a 
potassium and of an ammonium salt in a mixture of the two 
(a) with and (b) without the aid of the flame test or apectroecope? 

Which salts of potassium, ammonium, and sodium are least 
soluble? 

184. lonie SqalUbrinm and the lon-Prodnct Constant. 

a. Dilute a few drops of methyl orange solution [R 3551 with 
much distilled wat«r. Add a few drops of an acid (?) and then 
excess of a base (?). What colors does this indicator show tn 
neutral, acid, and alkaline solution, respectively? What ionic 
Bubabmce ia present in the add, and absent from the other 
solutions? 

Take three portions of distilled water and add to each a Uttle 
methyl orange solution. To the first two add a little acetic 
add (?}, to tile third a drop of hydrochloric add (?). To the 
first add some solid sodium chloride, and shake (J). To the 
second add some solid sodium acetate, and shake (7). What 
ionic substance has disappeared? Explain the difference in 
behavior [R 578]. To the third add sohd sodium chloride, and 
shake (?). Explain the absence of effect. 

In what way did 63 6 illustrate the same prindple? 

b. Take three portions of a saturated solution of potssmum 
chlorate in as many test-tubes. (If there is any deposit in the 
botUes, this and the following solutions roust be shaken before 
use to insure saturation.) To the first add saturated sodium 
chloride solution (?), to the second saturated potassium chlor- 
ide solution (i), to the third saturated sodium chlorate solu- 
tion (?). AHow them to stand fo' a minute or two before 
drawing any condusion. Explun [R 5811 The experiments 
will fail if all the solutions are not saturated. 

c. Explain why, in 132, the salt ia predpitated. If the crude 
nit had contained other salts, which of them would hava been 
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affected by the introduction of hydrogen chloride, and which 
notf Specifically, would Bodium sulphate or magneBiuin 
chloride have been affected, and how? If dther of these would 
be affected and had been present, under what circumetances 
might it have entered into the precipitate (Appendix IV)? 
Within what limits, then, does the process give a means of 
purification? 

d. To 1-2 c.c. of conceutrat«d hydrochloric acid add con- 
centrated sulphuric add drop by drop (7). Explun. 

Unknowns <U0) may be mtroduced at this point. 
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CHAPTER XtX. 

umjjAAc xLauxNTs or the alkalthb ZjLBTHS. 

13B. OalGitun Oxida. Ignite [Blaet-lamp] 2-3 g. of broken 
marble for 15 minutes ia aa open crucible placed upon the 

clay triangle (7). Stdr occasionally with the platinum wire. 
When cool, add a little water (7). Test the reaction of tlie 
liquid towu>da litmus (7). Haa water any effect upon marble? 
Now, add some dilute hydrochloric acid (7). Compare thia 
with the action of the add upon marble (109 b). 

How may the decompoation of the marble be arrested (7) 
and reversed (f) without altering the temperature? What 
conditions permitted complete decomposition to take place 
here? 

136. Oaldnm Bydrozidfl. Slake a piece of caldum oxide 
and shake the product with half a liter oi distUled water; let the 
solution settle, or filter rapidly, and use the clear liquid. 

a. Blow air from the lungs by means of a tube through a 
part of the lime-water (?). _ How could you determine the 
propOTtion of carbon dioxide in a sample of air? 

b. Idlute the remtunder of the lime-water with an equal 
volume of distilled water, and pass a stream of carbon dioxide 
from the laboratoiy supply, or from a Kipp's apparatus, per- 
sistently through the solution (7). Boil a part (i the resulting 
clear liquid (7), Explain. Describe all precipitates [Note 39, 
p. 101], both here and in all succeeding experiments. Why 
does the second precipitate appear to dmer in quantity from 
the first? What is "temporary hardness" in water [R 594} 7 

137. Reactions of Oalcinm Salts, Diluted calcium chloride 
solution [Note 40, below] may be used for b, c, d, and /. 

a. Try the Same test and examine with the spectroscope 
(see that the platinum wire is clean. Note 41, below). Make 
a sketch of uie spectrum showing the poEdtJons of tlie lines 
with r^erence to the sodium and potassium lines. 

b. To a part of the solution containing calcium-ion add 
ammonium oxalate solution in excess (7). Filter off the pre- 
cipitate and divide it into two parts. Hace each part in a test- 
tube, and treat one with dilute hydrochloric add (7) and the 
other with diluted acetic acid (7). Explun this difference in 
behavior towards hydrogen-ion [R 598]. Why was ammo- 
nium oxalate used in preference to oxalic add? 
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e. To the second portion of the solution contaning caldum- 
ion add ammonium carbonate solution (?). Warm, if necessary. 
Filter, divide the precipitate and treat parts of it with hydro- 
chloric acid (?) and diluted acetic acid (?) respectively. Ex- 
plain the result. Explain also the difF^nce in behavior of the 
oxalate and the carbonate of calcium towards acetic acid, 
taking account both of the solubilities of these salts, aud of the 
fundamental difference in behavior between oxaJic and carbonic 
adds. 

d. To the third portion of the solution add excess of dilute 
suli>huric acid (7). Filter and divide the clear (if not, filter 
again) filtrate into three parte (reserve one for e). To one 
small part add an equal volume of alcohol (formation of all 
precipitates, if long delayed, may be hastened by vigorous 
stirring) (?). 

Neutralize (teat?) the second portion with ammonium hy- 
droxide (why?), add ammonium oxalate solution (?) and 
explain. Is the sulphate or the oxalate of calcium more soluble? 
Confirm your inference by giving the solubilities (Appendix 
IV). 

e. What is "permanent hardness" in water [R 595] 7 Boil 
the third portion of the filtrate from d (?). Compare the 
result with that in 136 6. Add now a little sodium carbonate 
solution (?). Is the carbonate or the sulphate of caldum more 
soluble? What are their actual solubilities? How may per- 
manent hardness be removed? What is one objection to the 
presence of hardness in a domestic water supply (119 b, last par.) ? 

/. To the fourth portion of the solution containing calcium- 
ion add some dilute hydrochloric acid, mix, and then add 
ammonium oxalate solution (?). Explain [R 601]. If any 
predpitate appears, add more hydrochloric acid. Now add a 
large amount of sodium acetate solution (?), What is the 
predpitate (calcium acetate is soluble), and why is it formed 
[R 601, 650] ? 

NoU 40, — In this and all following paragrapha headed "reac- 
tionSj" where "diluted" solutions are spoken oi, the solutions on 
the side^elf must be diluted with 3-4 volmnes of distilled water 
to secure good results. 

Note 41. — After use, the platinum wire must be cleaned. Form 

ipcn it a borax bead, ' " ..•■.. .• 

nre from end to end 
the wire persistently ii 
time In hydroohlono a 
the flame. If much i 

idd before bdng heated. 
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138. B«actlanB of Stroiitiaia Salts. Use diluted [Note 40] 
strontium chloride solution for b, c, and d, 

a. Same as 137 a. 

b. Add ammonium carbonate solution (f). 
e. Add dilute sulphuric acid (?). 

d. Add a dear solution of calcium sulphate (made by shak- 
ing a little of the pulverized salt with distilled water and filter- 
ing until clear) (?), The precipitate may come alpwly. Explain. 

139. Beactlons of Barium Salts. Use diluted [Note 40] 
barium chloride solution for b, c, end d. 

a, b, c. Same as 138 a, b, c. 

d. Add a clear solution of strontium sulphate (made by 
shaking the salt with distilled water and filtering) (?). Explain. 

Compare with 138 d, and arrange the sulphates of these three 
metals in the order of solubility. Give two methods of dis- 
tinguishing the compounds of the elements in this family. 
Examine the table of solubilities (Appendix IV) and si^gest 
another way of dietinguishing the three members, and one way 
of distinguishing calcium-ion and barium-ion, respectively, 
from the other two. How could you tell a solution containing 
the ions of a member of this family from one containing those 
of the members of the previous family? 

140. Identification of Unknown SubBtaneas. Take three 
diy test-tubes, apply to the instructor for three "unknown" 
substances, and aaceriain by the uae of any e^>eriment8 you can 
devise what each is. 

a. Study: (1) Physical appearance (?). 

(2) Odor{?). 

(3) Solubility in water and reaction of the solution toward 
Utmus (?). Use this aqueous solution, and employ the reac- 
tions of the metallic ions just studied, for the purpose of recc^- 
nizing the positive radical. If the substance is insoluble in 
water, try dilute hydrochloric acid. 

(4) Effect of heating in a dry test-tube (p. Observe closely 
the behavior of the substance, and ti^ to identify the vapors 
or gases given off. Preserve the remdue, as, after the next 
experiment, examination of this may be necessary. 

Before trying this experiment, make a list of all the negative 
radicals known to you, and place oppoate to each the gases, if 
any, which salts containing that radical, when heated, might 
be expected to gjve off. Consider also the means of recognizing 
these ^aes, if formed, 

(5) Heating with a drop or two of concentrated sulphviriii 
add (?). 
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Before trying this expeiiment, add to the ftbore list the reao- 
tiona of sulphuric acid with salts containing each of the negative 
radicals. Conaider also the means of recognisiiig such of tlia 
possible products as are volatile. 

(6) Heating the residue from (4) with concentrated sul- 
phuric acid, or such other confirmatory e^)eriments with this 
residue as tne results of (4) and (5) surest (?). 

(7) Other experiments suggested by the results of (l)-(6). 

0. Write out the exp^imente and reasoning carefully in 
your note-book, and maJce sure that they prove the substance 
to be the one you finally decide that it is, and exclude the poa- 
silnlity of its being any other. Heport the result to the in- 
structor. 
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CHAPTER XX. 

COFPXB AST) fULVBB. 

141, OaproDi Ohloride. 

a. Dissolve about 2 g. of cupric cHoride in 15 c.c. of water 

in ft small flask. Add 2-3 c.c. of pure, concentrated hydro- 
chloric acid and about 5 g. of copper naila, and boil [Hood] 
until the green tint is no longer perceptible in the dirty yellow- 
ish-brown color of the product. If a few drops added to a test- 
tube full of water confer a blue tinge upon the water, the action 
is still incomplete. What ion confers the blue tinge? What 
change do the cupric ions undergo? Is the change an oxidation 
or a reduction of cupric chloride? 

b. To a small part of the solution, when cold, add excess of 
sodium hydroxide solution (?)■ Why is so much of this re- 
quired? Preserve the mixture in a corked t«st-tube for use 
in 143. 

C Pour the rest of the solution from a into a large amomit of 
water in a beaker (?). Expose some of the product, while 
covered with water, to the sunlight (?). 

d. To the rest of the product from c add concentrated hydro- 
chloric acid, and shake (?). What is the complex negative ion 
here formed [R 621]? Does it give a greater or a less concen- 
tration of cuprous-ion than does the maoluble cuprous chlor- 
ide? Upon this basis explain the process of solution here 
observed. Pour a little of the solution into much water (?). 

e. To the rest of the solution made in d add a little concen- 
trated nitrio acid (?). What ionic substance is shown by its 
color to be present? Pour this solution into much water (?). 
Consider each ionic substance originally present in the solution, 
snd explain how it b affected by the nitnc acid. 

Define this form of oxidation, and the form of reduction in a, 
in terms of the hypothesis of ions. 

Ii2. Cupric Hydroxide. 

a. To 1-2 c.c, of diluted cupric sulphate solution add excess 
of sodium hydroxide solution (?). Take one-third of this mix- 
ture and boil it (?). 

6. Boil 1 g. of sugar dissolved in water (or diluted ^ucose 
syrup) with a few drops of dilute sulphuric acid for several 
minutes (?). This gives glucose and levulose [B 500]. Add 
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thia glucose nlution to another portioa of the mixture from a, 
warm gently (?), and note all changes. 

c. To the remainder of the mixture from a add ammonium 
hydroxide, and shake (?). What complex ion poseesaea this blue 
color [R 623, 625] 7 Does this ion give a greater or a lesa con- 
centration of cupric-ion than does the insoluble hydroxide? 
Upon thia basis explain the process of solution here observed. 

143. OnptouB OxidB, Divide the mixture from 141 b, con- 
tfuning a precipitate of hydrated cuprous oxide, into three 
parte. 

a. Shake one persistently with mr in a bottle, admitting 
fresh air from time to time (?). 

b. Boil the second portion (?). 

c. To the third portion add ammonium hydroxide (p. What 
ia the color of tlie mixture? What complex ion is formed 

K622] 7 Why is cuprous oxide dissolved by ammonium 
. droxide solution? 
Shake thia solution with wr. What ion is formed? Is the 
action more or less rapid than in a, and why? 

144. Ouproua Iodide. Dilute a few. drops of cupric sulphate 
solution and add potaaaium iodide solution (7). Rlter. Wash 
the precipitate [Note 38, p. 85] (7). Add part of the filtrate to 
some starch emulsion (?). Shake the rest with some chloro- 
form (7), Read the footnote to p. 11. 

146. BaactlonB of Ouprlc Salts. Use diluted cupric sulphate 
solution. What is the color of cupric su^hate itself? To 
what is the color of the solution due? 

o. Teat the reaction of the solution with litmua paper (7) 
and explain [R 536, 344]. Is copper an active metallic de- 
ment? 

6. Lead hydrogen sulphide throu^ another portioa (?), !■ 
thia action reversible, theoretically? Add djlute sulphuric 
add (7). Do dilute acids act upon any sulphides (Jig)? Why 
not upon this one [R 600] ? 

c To another portion add potassium ferrocyanide soIutioD 
[R 536] (7). 

d. Note here the interaction (68 a) of zinc with cupric-ion (7). ■ 

e. Make a borax bead and heat with it a minute particle of 
cupric oxide in the oxidizing (7) and in the reducing (7) flame, 
as in 3 e. The latter requires patience. If cupric sulphate had 
been used here, what reaction would have taken place [R 390]? 

/. Prepare a match (or splinter of wood) aa in 88. Place on 
the end a moistened mixture of any cooper salt with anhydrous 
sodium carbonate and beat in the reducing rej^on of a small 
Bunseu flame. Break up the charred stick gently in water ia 
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a mortar, wash away the lighter partides, and examioe the 
residue (^, 

146. Ammonlo-cnprlc OompoiuidB. To a diluted eolutioa of 
cupric aulphate add ammoiuum hydroxide (7), first a drop or 
two (?), then ia exceas (7). Of what ion does the copper now 
form a part? Do other compounds of copper yield the same 
ion (142 c)7 Which action of all those in 146 and 146 should 
you hold to give the most delicate teat for cupric-ion7 

Try with the blue solution the tests in 146 b, c, and d (7) . 
Are the concentrations of oupric-ion given by cupric sulphide (7), 
cupric ferrocyanide (7), cupric sulphate (7), and cupric hydrox- 
ide (?), larger or smaller than the concentration of free cupric- 
ion given by ammonio-cupric-ion? Which of these compounds 
would be dissolved by ammonium hydroxide solution, and 
which not 7 

147. (hqtrocyanideB. To a diluted solution of cupric sul- 
phate add potassium cyanide solution [CabeI Poison], first 
a drop or two (?), then in excess (7). Boes the solutioa show 
the color of euprio-ion7 In what form of combination is the 
copper [R 624] 7 Divide the solution into three parts and try 
the tests for cupric-ion given in 146 6 and d (7). Would cupric 
sulphide dissolve in potassium cyanide solution7 Hxplain your 
answer. To the third portion add ammonium hydroxide (7). 
Do cupric sulphide (7) and ammonio-cupric-ion (?) give larger 
or smaller concentrations of free copper iona than does the 
cuprocyanide? Would potassium cuprocyanide ^ve the bead 
test (145 e) or the match test (14B /)? 

148. Double Salts (Potasaitun-Ouprlc Sulphate). 

a. Saturate water at 70° with 5 g. of finely powdered potas- 
Mura sulphate (about 25 c.c. will be required). Calculate the 
weight of crystallized cupric sulphate which must be taken to 
get an eguimolecular proportion, and dissolve it in its own 
weight erf hot water. Mix the two solutions, taking care not to 
allow any undissolved fragments of either salt to get into the 
mixture, and set the result aside to crystallize (?}. Examine 
the form of the crystals and compare with those of blue vit- 
ri(j (?). Dissolve a part of the crystals in water and use por- 
tions of the solution for b. 

b. With the solution try tests in 146 b, c, and d (?) . Is cupric- 
ionpresent? To another portion add ammonium hydroxide (?). 

How do double salts diner (a) from complex compounds like 
potassium cuprocyanide and ammonio-cupric sulphate and (b) 
from simple salts like cupric sulphate? 

149. Equivalent of Oopper [QuantJ. Take a small rod of 
pure dnc, smooth tiie ends with a hie, and weigh carefully. 
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Place Id a beaker an exactly known weight of crystallized 
cupric sulphate (about 2 g.), and dissolve in diatiUed water. 
Put the eIqc ia this Bolutioa, and allow them to remain in con- 
tact until the latter is completely decolorized. Bemove the 
Bine, free it carefully from the brown depo«t (?), and dry and 
weigh it. What weight of zinc has gone into solution? 

To avoid weighing the precipitate of copper, which it would 
be difficult to do exactly, caiculate from the formica what 
quantity of copper was contiuned in the amount of blue vitriol 
taken (?). CaJculate from your data the weight of copper dis- 
placed by the equivalent weight of zinc found in SS 6 or 36 a, or, 
if zinc was not then employed, assume the latter to be 32.7. 
This wKght of copper wiE be the equivalent (that of oxygen 
being 8), Look up the specific heat of copper (Appendix III), 
and use this and the equivalent observed to find the atomio 
weight (?). 

What other atomic weights could be measured on this plan? 

160. Beactions of Silver Salts. 

a. Take 1-2 c.c. of silver nitrate solution. Test its reaction 
towards litmus [R 536] (?). Is silver more or less active as a 
metallic element than copper? 

Add dilute hydrochlonc acid until no further precipitation 
occurs (?), Filter, wash the precipitate with water, and place 
a small part of it in the sunlight (?), 

What effect does the skin have on silver nitrate? 

6. To a small part of the precipitate add ammonium hydrox- 
ide (?). What complex ion is formed ? Now add dilute nitric 
acid in excess (7). Formulate the action of this acid. 

c. To another fimftll part add sodium thiosulphate solution (7). 
Pass hydrogen sulphide (see f) through the solution (?). ' Ex- 
plain both actions. 

d. Place the rest of the precipitate in a porceltdn crucible, 
put on it a piece of granulated zinc, and fill up with dilute sul- 
phmic acid. Stir from time to time (?). After an hour or two 
pour off the acid, take out any unchanged zinc, wash the pre- 
cipitate with water by decantation, add ammonium hydroxide, 
and filter. Find out whether any silver chloride had remained 
unchanged and so passed into the filtrate (150 6) (?). When 
the filter paper ia dry, place the dark powder in a hollow on a 
stick of diarcoal and melt it with the flame of the blast-lamp 
directed downward upon it (?). 

e. Dilute a few drops of silver nitrate solution and divide 
into two parts. To one add potas^um bromide solution (?), 
and to the other potasaium iodide solution (?). Add to eadt 
some ammonium hydroxide (?). Compare the rates of actioD 
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with that on silver chloride (7), Arrange the three salts and 
ammonio-argentic-ion in the order of decreasing ability to give 
argentic-ion (?). Relate this order to that of solubility (Appen- 
dix IV). 

/. Dilute 2-3 arope of olver nitrate solution and lead in 
hydrogen sulphide (?). Is this action reversible, theoretic^lyf 
Divide the product into two parts, and to one add dilute nitric 
acid (7). 

To the otherpart add potassium cyanide solution [CatjtionI 
Poison] (?). What ia formed? Could silver chloride be pre- 
cipitated from this solution (B4 b) 7 Explain, 

g. To 1 c.c. of silver nitrate solution add a few drops of 
potassium dichromate solution (?). Test the solutions before 
(?) and after mixing (?) with Congo red paper [R 355]. (If 
the color of the dichromate obscures that of the Congo red, 
, wash the test-paper with distilled water.) What product does 
this show? Make the equation accordingly. 
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eHAPTER XXL 

KAGNBSniU, ZINC, CADMIUM, UERCUBT. 

161. Hagneaium. Mix thoroughly in a mortar equal bulks 
of magnesium powder and powdered calcium carbonate. Put 
the mixture in a test-tube (it should fill about half an inch of 
the tube), fix the tube in a. clamp on the stand, and heat the 
top layer in the Bunsen flame until the reaction begins. Be 
careful to keep the tube directed away from the face during the 
heating. Allow the test-tube to cool, add a little water and 
then, aowly, an e:scesa of concentrated hydrochloric acid (?). 
(If the tube has been broken, place the contents with the add 
in a. beaker.) What effect will the acid have upon any excess 
of either of the ingredients? The acid will also dissolve the 
oxides of magnesium and calcium formed bv the action. When 
all action has ceased, filter and wash the black residue (?) with 
water. Aft«r drying this on the radiator or water bath, prove 
that it is carbon. TIub may be done by placing some of it in a 
dry test-tube, adding a pinch of potassium chlorate, heating in 
the Bunsen flame, and pouring the gas when it has cooled (dose 
the tube with the thumb while waiting for this) into a test- 
tube containing 2 c.c. of lime-water, and shaking (?), 

What is the reducing agent in this action? 

Examine the test-tube (?) and explwn [R 518]. 

153. Fropertlea of Uagnesium Compounds. 

a. Try whether magnesium chloride dissolves completely in 
water (?). Test the solution with Utmus (?). 

Heat some of the crystals strongly in a dry teat-tube (?). 
Test the reaction towards litmus paper of the water which con- 
denses in the tube (7), and then remove the Uquid from the 
sides of the tube with a piece of filter paper. Does the readue 
dissolve in water? Explain. 

b. To some diluted magnesium sulphate solution add ammo- 
nium hydroxide (?). Explain the result in terms of the ion- 
product constant [R 537] {?). Now mix with some ammonium 
hydroxide several times its volume of ammonium chloride solu- 
tion (what effect will this have on the ionization of ammonium 
hydroxide? Would ammonium sulphate answer as well?), and 
then add the mixture to a new portion of magnesium sulphato 
solution (?). Explain in terms of the ion-product constant. 

To this combination of three solutions add sodium phosphate 
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solution (aee 106 c) (7). Explain the puipose of each ingre- 
dient. 

c. To a fresh portjon of the diluted magnedum sulphate 
solution add ammonium carbonate solution, and warm (f). 
Repeat, adding excess of ammonium chloride solution to the 
magnesium sulphate solutioa before using the carbonate (7). 

Calcium-ion (1S7 c), strootium-ion (138 6), and barium-ion 
(139 b) were also precipitated by ammonium carbonate. 
Repeat these ei^jeriments with them, adding first excess of 
ammonium cblonde solution (7). If you had a salt of magne- 
sium mixed with a salt of one of those other metals, how should 
you proceed so as to precipitate a compound of the alkaline 
earth metal first and one of magnesium afterwards7 

Add two drops of hydrochloric acid (why?) to about 250 c.c. 
of the city water, evaporate to small bulk, and test it for cal- 
cium-ion and magnesium-ion. 

d. Pass hydrogen sulphide through magnesium sulphate 
solution (7). 

163. Reaetloiu ol Zinc Salts. Use diluted one sulphate 
solution. 

a. Teat the solution with htmus paper (7). Explain. 

6. To a part of it add sodium carbonate solution (7), at first 
a little and then in excess. Note the gas evolved (7). Why is 
the gas slow in appearing7 Relate this result to that in a (7). 
Bring the contents of the tube to the boiling-point, filter, and 
wash the precipitate with water. To a portion of the precipi- 
tate add an acid (7). Account for the evolution of gas during 
the precipitation. Dry the rest of the precipitate for c. 

c. Heat the dried, basic zinc carbonate from it in a porcelain 
cnitable to redness for a few minutes. Remove a small portion 
of the product and try the action of an acid upon it (7). If it 
effervesces, ignite for a longer time. What is the color of the 
product when hot, and when cold? Reserve for d. 

d. Moisten the residue from c with a few drops of a cobalt 
chloride solution and heat again (7). 

e. To another part of the zinc sulphate solutjon add a very 
little sodium hydroxide solution, and shake (7). ^Filter, sus- 
pend the 'precipitate in water, and divide into three parte. To 
one add an excess of sodium hydroxide solution (7). Does this 
show zinc hydroxide to be basic, or acidic? To the second por- 
tion add dilute hydrocJiloric acid (7). 'f^Hiat sort of hydroxide 
does it now seem to be? Explain [R 64S1. 

To the third portion add ammonium nydroxide (7). What 
complex ion is formed (R 648J 7 
/. To a third portion of aoc au^hato solution add anuno- 
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nimn aulj^de aolution (?). Ellter, and preaerve the predpi- 
tate for g. 

g. Roll up a small part of the filter paper from / into a ball, 
acd coil the platinum wire tightly round it. Boast the whde 
in the Buusen flame (?). Moisten the ash with cobalt chloride 
BolutioQ and heat again (?). 

IM. BelatlTe Activity ol Bevaral Adds. In clean test-tubeg 
place equal Tolumes of (1) zinc chloride, (2} zinc sulphate, and 
(3) line acetate solutions. Compare their reactions towards 
litmus and towards Congo red paper [R 356] (?). Into each 
pass hydrogen sulphide to saturation (test? Note 36^, 67) (?). 
Are actions like this reversible, theoreticallyT The reverse 
action consists in the action of what add upon what insoluble 
salt in each caae? Will it be equal with different acids [R 599]? 
If not, the most active add will have l^^t the most zinc in solu- 
tion and the least active the least. To ascertain how much 
zinc remains in each solution, filter the mixtures separately, and, 
after testing with Congo red paper (7), add ammonium hydrox- 
ide to each (?). The predpitates are zinc sulphide (why?). 
Compare the amounte (?). Infer the relative activities of the 
adds (?). 

Confirm the conoludon, roughly, by putting some of the 
predpitate into each of three test-tubes, treating directly with 
dilute hydrochloric, sulphuric, and acetic adds, of equivalent 
concentrations, and oompariag the rates of action (7), 

Why was ammonium sulphide used in IBS / ? 

IBS. Ionic Equilibrium. Take a larger amount of zinc sul- 
phate solution, and add sulphuric add to it cautiously until a 



imple just c 



s to give any predpitate with hydrogen sul- 
Now add mucn powdered, anhydrous sodium 



sulphate, stir untU it has dissolved, and teat a part with hydro- 
gen sulphide again (?), What effect must the great addition of 
Bulphate-ion have upon the hydrogen-ion introduced by the 
sulphuric add? Why is rine sulphide now predpitated? 

IBS. EeactionB of Oadminm Salts. Use dllut«d cadmium 
sulphate solution. 

a. Same as 1S3 e. Answer the same questions. 

b. Saturate with hydrogen sulphide (7). Is the action easily 
reversible? Add dilute hydrochloric add (?). 

By what reactions could you distinguish between salts of 
magnesium, zinc, and cadmium? 

1S7. Unknown Substances. Apply to the instructor for 
three unknown substances. To identify the anions, follow 
the outline of work in liO. To identify the cations, employ 
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the scheme commonly used in analysis [K 660]. Present to the 

instructor a logical and coherent, written report, 

168. Meicnrous Nitrate. Place about 10 g. of mercuir with 
15 c.c. of diluted (1 : 1) nitric acid in a small beaker, and let the 
action go on for an hour. Stirring will cause cryatalliiation. 
Dissolve the crystals in water to which a few drops of nitric add 
have been added (why?). Use this solution in 160. 

1S9. Horcnrio Hitrate. Boil some mercury or mercurous 
nitrate with excess of concentrated nitric acid. Evaporate the 
solution on a water bath, moisten with nitric acid, and dry. 

ISO. Reactions of Salts ol Hercnry. Use diluted portions of 
mercurous nitrate solution and of a diluted solution of any 
mercuric salt, and add to each the following reagents. Com- 
pare the results in each case. 

a. litmus paper (?). Exphun. 

6. Dilute hydrochloric acid (?). Treat the precipitate, if 
there is any, with ammonium hydroxide pt 659] (?), 

c Sodium hydroxide solution [R 656] {?), 

d. Ammonium hydroxide [R 659] (?). 

e. Hydrt^n sulphide to saturation [R 657] (7). 

/. Potassium iodide solution (shake) until there is no further 
change (7). What complex ion ia formed? Try an experiment 
to show that mercuric sulphide gives an even smaller concen- 
tration of mercuric-ion than does this complex ion (7). 

0. Stannous chloride till there ia no further change (R 655] (7) . 

ft. A clean copper mul (7). Determine whether any copper 
goes into solution (7). Explain (Appendix VII), 

t. Heat a httle of a salt of mercury in a dry teat-tube (7). 

;'. How could you distinguish a solution of a mercurous and 
of a mercuric salt, respectively, from salts of silver, copper, 
magnesium, zinc, and cadmium? 

Do magnesium, zinc, cadmium, and mercury exhibit the 
properties of typical metallic elements [R 533]? Expl^n. 

161. Concentration Cell. Suspend a rod of tin about 60 mm. 
long by a thread from one end, and hang it near the bottom of 
the graduated cylinder. Pour in through the dropping-funnel, 
which must reach the bottom of the cylinder, first highly 
diluted, dilute hydrochloric acid (1 : 6 Aq.) and then diluted 
(1 : 1) stannous chloride solution. Perform the operation with 
care, in such a way titat the solutions do not mix, the dilute 
add bdng finally uppermost, and that the surface at which 
they meet Is near the middle of the rod of tin. If the second 
solution is permitted to carry air bubbles with it, mixing will 
inevitably occur. Place the arrangement where it will not be 
disturbed, and examine from time to time (7) . Explain [R 673} 
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ALTIHINnm, TIN, LBAD. 

a. K«cord here the sctioii of aluminiuni on hydrochloric add 
(16 a) and its degree of intensity (?). Try the action of the 
metal on dilute adphuric (?) and dilute mtrio acids (7). Com- 
pare and explain. 

b. Heat some aluminium turnings with sodium hydroxide 
solution for some minutes (T). To ascertain whether anything 
has gone into solution, neutralize one-half of the liquid care- 
fully with dilute hydrochloric acid (7). Test the precipitate 
by 168/ (7). 

c. To the rest of the liquid from b add calcium chloride solu- 
tion (?). To what group of minerals do compounds allied to 
this belong [R 685] ? 

163. Reactions of Jdnmininm Salts. Use portions of diluted 
aluminiun) sulphate solution. 

a. Test the solution with litmus pa[>er (7). Explain. 

(. Add ammonium sulphide solution (?). I^llter off the 
precipitate, wash it until odorless (why?), and ascertain whether 
it is a sulpnide or not (?). Preserve a part of it for /. 

e. Add sodium carbonate solution (,f). Filter oS the precip- 
itate, wash it until free from sodium carbonate (why?), and 
ascertain whether it is a carbonate or not (?), 

d. Add a little sodium hydroxide solution (?}. Proceed as 
in 103 e, and answer the some questions (7). £kplain the dif- 
ference in behavior observed (?). 

e. To a small portion add suffident sodium hydroxide solu- 
tion to redissolve the precipitate. Then add excess of ammo- 
nium chloride solution, and boU (7). Explain. 

/. Proceed as in 1S3 g with a. small part of the filter paper 
from b (?) (or use the method in 1G3 d). 

164. Jtiam. Prepare warm, saturated solutions of hydrated 
aluminium sulphate and ammonium sulphate in approximately 
equimolecular proportions (calcuJate amounts required), mix 
them, and set aside (?). Obtain some large crystals by hanging 
a thread in the solution. Note the form and taste of the 
crrstak (7). 

Dissolve one or two of the crystals, and ascertain by experi- 
ments selected from 163 whether the solutjon contains ahi- 
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minium-ion (?). Infer wliether this is a double salt, or a salt 
giving a complex ion. 

166. Mordanting. 

a. To some cochineal solution add any solution containing a 
salt of aluminium and then ammonium hydroxide (?). lillter. 
What becomes of the coloring matt«r? 

b. Soak a small piece of cloth in a strong solution of alum 
(made in 164), and then transfer it to a beaker containing a 
boihng solution of cochineal made strongly alkahoe with ammo- 
nium hydroxide (?). What puipose does the alum serve? 
What is the object of the ammonium hydroxidef What com- 
pounds of aluminium would act as m^dants without the addi- 
tion of a base (7), and how do they so act [R 689] ? 

186. Tin. Place some tin (gran.) in a test-tube with diluted 
nitric acid (1 acid: 10 Aq) and set aside. After 168, examine 
portions of the solution. Determine whether it contains a 
salt of ammonium (?), and explain. Determine whether it 
contains stannic-ion or stannous-ion (7). How does tin behave 
with concentrated mtric acid (B7 e)? Expl^n the difference. 

167. HaUdes of Tin. 

a. Stannous halide. Heat about 1 g, of tin with pure, con- 
centrated hydrochloric acid (see 16 a) (7). Let the action go 
on until the acid is nearly exhausted. Use the solution in b, 
and in 168, Proceed with later experiments until it is ready. 

b. Stannic halide [Hoodl To one-hdf of the solution from a 
add bromine-water until the color ceases to be destroyed, and 
drive off the excess of bromine by warming (7). Use this 
liquid in 16& 

168. Raactions of Stannona and Stannic Salts. In a, b, and 
c use a portion of each of the solutions from 167, after oilution, 
with each reagent. Compare the two results in each case. 

o. Saturate (test7) each portion with hydrogen sulphide (7). 
To part of each product add dilute hydrochloric acid, to learn 
whether the action is easily reversible (7). Filter the remainder 
of each product, and treat the precipitates, separately, with 
warm yellow ammonium sulphide solution [R 697] (7). To 
the resulting liquids add dilute hydrochloric acid (?). Emjlwn 
why both ^ve tne same product (7). What is the gas evolved? 

6. Add mercuric chloride solution, at first a little and ttien 
in excess, first to the stannic (7) and then to the stannous solu- 
tion (7). When the changes (two) in the latter are complete, 
boil, let the precipitate settle, filter the clear part of the liquid, 
and determine whether the tin in the filtrate is now stannous (» 
stannic hy adding a drop or two of bromine-water (see 187 b). 

c Add to each portion a little sodium hydroxide solution (1), 
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Proceed as in IM e and answer the same questions (7). Ex- 
plain the difference, if any, in behavior observed. What other 
nydroxide resembles those of tin and zinc? • 

d. Boilasmallportionof the stannic solution witti tin ^an.) 
for several minutes. Now add mercuric chloride solution (7) 
and compare with the results in b (?). Account for the change 
in the stannie-ion (?). What kind of chemical change was this ? 

16fl. Apply to the instructor for two unknown substances. 
Identify them, and report the result, as directed in 110 and 1.67. 

170. I.ead. 

a. Dissolve 1 g. of lead acetate in 20 c.c. of water, place in 
it several pieces of granulated ainc, and set aside for an hour or 
two. After 171 devise a way of precipitating any renuuning 
lead-ion and ahowine the presence of zmc-ion in the solution. 

b. Wash some of the lead from a with distilled water, and see 
whether it is possible to get washings which show no reaction 
with hydrogen sulphide (?). Account for what you observe. 

171. Beactions ol Lead Salts. Use diluted lead nitrate. 
a. Test with litmus paper (?). 

6. Saturate (test?) with hvdrogen sulphide (?}, Is the 
action easily reversed? 

c Add dilute hydrochloric acid (?). Filter, dilute the fil- 
trate with 5-10 volumes of water, and saturate with hydri^en 
sulphide (?). Explain. What other diloridea are "insoluble"? 

d. Add sodium hydroxide (?}, first a Uttie, then in excess. 
What other hydroxides resemble this one? 

e. Add potassium iodide solution (?). Boil, filter, and 
examine the filtrate (?). Infer a property of lead iodide (?). 

/. Potassium dichromate solution (?). Proceed as in 160 o (^. 
g. Dilute sulphuric add (?). What sulphates are insoluble? 
173. Lead Dioxide. 

a. Warm and a^tate 1 g. of minium with 5-6 c.c. of dilute 
nitric acid until it no longer changes in color (?). Dilute with 
water, and filter. Reserve the precipitate for b and e. Show 
by tests selected from 171 that lead-ion Is present in the fil- 
trate. What theory of the nature of red lead is suggested by 
this action fR 701]? 

b. Treat a part of the precipitate from a with sodium hy- 
droxide solution (?). Record here the action of hydrochloric 
acid upon lead dioxide (29 o) and explwn it (7). 

c Allow the rest of the precipitate from a to dry, place it 
in an evaporating-dish, and direct upon it a stream of hydn^en 
sulphide (?). Explain. 

173. Do aluminium, tin, and lead exhibit the properties <d 
typical metallic elements [R 533] ? Explain. 
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CHAPTER XXm. 

ARSSNIC, AKTOtOSY, BI8UDTH. 

171. Anonic. 

a. Heat one particle of arsenic in a hard gla^ test-tube (T). 
6. Roast a particle of arsenic on a crucible lid (7). Note the 
behavior and odor (7), 

c. Mix a pinch of pulverized araenic trioxide with wood 
charcoal (pulv.)- Heat the mixture stronglj' in a dry teat- 
tube (?). Compare result with a {?). 

d. Boil 0.5 g. of arsenic (pulv.) with excess of nitrio acid (?) . 
Compare with M» 6. Use the solution for 177 e. 

17B. Arsenic Trioxide and Arsenloos Ohlorida. 

a. Boil 0.5 g. of arsenic trioxide with water (?), Test the 
BolutJon with litmus (?). Now add sodium hydroxide BolutJOQ, 
and boil (7). To what class of oxides does the trioxide appear 
to belong Formulate the whole change. 

b. Bod 1 g. of the trioxide with 2-3 c.c. of concentrated 
hydrochloric acid (?). To what class of oxides does it appear 
now to belong? Formulate this change. Set aside and ex- 
amine later (?). What are the crystals [R 710] ? Is this action 
rever^ble? Use the solution for c and 178. 

Is arsenic a typical metallic element? Is it a metal at all? 
Give reasons taken from a and b. 

e. Take a small part of the solutjon from b (setting atade 
the rest), dilute with water, and saturate with hydrogen sul- 
phide (?). Divide into two parts. With one, try whether the 
action is easily revemble (?). Filter the other and heat the 
predpitate with yellow ammonium sulphide solution (?). What 
other sulphide behaved in this w^? Now add dilute hydro- 
chloric arid to the liquid (?). Explwn. What is the gas 
evolved? 

176. Aisenltes. Use portions of diluted potaaaum arsenite 
solution. 

a. Add tdlver nitrate solution (?), then ammonium hy- 
droxide (?). 

b. Add cupric sulphate solution [R 712] (?). 

c Test the solution with litmus (?}. What substances must 
be present? Saturate with hydrogjn sulphide (?). 

177. Arienlc Aoid and Arsenates. For a, b, c, and d, use 
portions of diluted potassium arsenate solution. 

U8 
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a. Add ailver nitrate oolution (7). Add now ammomum 
hydroxide (7). 

6. Add magneeia mixture (106 e) (T). Conmare vith 152 
6(?). 

c. Add to ammonium molybdate solution aa in 106 c (7). 

d. Add 2-3 drops of dilute hydrocUorie acid (?) and saturate 
with hydrogen sulphide (7). Now add excess of concentrated 
hydrochloric add and saturate again (?), heating to asEdst the 
action. Expl^. 

e. Neutralize the solution from ITi d with ammomum 
hydroxide, avoiding excess, and use teats selected from a, b, 
and c (?). 

178. Arsime [Hood. CabeI Poison]. Arrange a dde- 
neck test-tube (or small flask) with safety and straight deliveiy 
tubes and nozzle to generate and bum hydrogen. Place in it 
a piece of chemically pure zinc, and add pure hydrochloric acid 
^ide-rfielf]. When the wr has been displaced (Cake. Test?), 
fight the gas and hold a crucible lid in the flame (?). If there 
is no deposit, add a drop or so of the solution of arsenic tri- 
chloride (176 b), observe the appearance of the Same, and 
obtain a deposit on the crucible hd (?). What kind of chenucal 
change takes place in the flame (see 72 &)? Heat the tube, 
through which the gas passes to the noEzle^ with a Bunaen 
flame (7 Marsh's test). When these experiments are com- 
pietwi, fill the test-tube with water to atop the action. 

Apply bleaching powder solution (fresh) to the deposit (7). 

Can ar»ne be made accordine to the general method con- 
adered in 1157 What other hydrides behave like araine when 
heated? 

17B. Antimony. 

a, b. Proceed as in 174 a and b, umng antjmony (7). 

180. Antimony Trioxide. 

a. To obt^n the trioxide, beat 2-3 g. of pulverized antimony 
with concentrated nitric acid in a smaB flask [Hood] (7). How 
should you determine whether the product was a nitrate or 
not7 (?}. What other metal behaved similarly when treated 
with nitric acid? Compare with arsenic (174 d and 177 e) (7). 
Dilute, filter, wash well [Note 38, p. 85], and use in b, c, d, and e. 

h. Boil a small part with water (7). Add sodium hydroxide 
solution^ and boil (?}. What kind of oxide is it? 

c. Boil a small part with hydrochloric add (7). What kind 
of oxide is it? 

d. Boil a part with an equal amount of potasdum-hydrogen 
tartrate in &-6 c.c. of water (7). Filter, and set the filtrate 
amde (7). What are the crystals? 

D,.;,l,ZDdbyC00g[t: 
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e. Boil the rest peTsistently with 2-3 c.c. of concentrated 
nitric acid {?). Evaporate [Hood] the dear liquid, and heat 
the residue a Lttle below a red heat [R 715] (?). 

181. Antimony TrichloridB and Trianlphide. 

a. Treat about 0.5 g. of antimony trichloride with water (?), 
and test the liquid with litmus paper (?). Add more water, 
warm, and aacerttun whether the action ia reversible by adding 
drop by drop (shake between drops) concentrated hydrochloric 
acid (?). When the liquid has become clear add a large amount 
of water (?), What law ia illustrated? Finally, add concen- 
trated hydrochloric acid again (?), and use the solution in b. 

How does this action differ from that of water upon phos- 
phorus trichloride (107 6) and upon arsenic trichloride [R 710]? 
What is the significance of this difference? 

b. Dilute the liquid from a, saturate with hydrogen sulphide 
(?), and proceed as in ITS c (?). Answer the same questions. 

182. atibine. Bepeat 178, using antimony trichloride (7). 

183. Bismntb. Prepare a matcn (or aplinter of wood) aa in 
66, and proceed as in 14fi /, using any bismuth salt (7). What 
metals are obtainable in this precise way? Ojuld rine, mesrcary, 
silver, and aluminium be so obtained? Explain. 

184. Oomponnds of Bismuth. 

a. Warm about 1 g. of bismuth with 8-10 c.c. of diluted 
(1 : 1) nitric acid (?). Concentrate to 3 c.c. and aet aside 
[R 718] (?). Compare this result with arsenic (174 d) and 
antimony (180 o), and interpret (?). 

b. Proceed as in 181 a (first par.), uidng bismuth nitrate (or 
the product from a) and nitric acid, instead of the salt and 
add there employed (7). 

e. Take 1-2 c.c. of bismuth nitrate solution, dilute it, and 
dear up with nitric acid if necessary. Saturate a part with 
hydrogen sulphide (T), and proceed as in 17D c (?). Compare 
with the sulpnidea of arsenic and antimony (7). 

d. To the reminder of the solution of bismuth nitrate add 
BOdium hydroxide (7), at first a little, and then in excess (7). 
Compare this hydroxide with the oxides of araeoic (178 a) (7) 
and of antimony (180 (t) (7), 

Filter oS the precipitate, ignite it in a porcel^n crucible, 
and note the color (?) when hot (7) and when cold (?). 

186. Do arsenic, antimony, and biamuth exhibit the prop- 
erties of typical metallic elements? If not, in what respects ao 
they fail to do so7 

166. Apply to the instructor for two unknown aubetances. 
Identify tnem, and report the result, as directed in 140 and IfiT. 
Do not use Marsh's teat for arsenic. 



>;,l,ZDdbyC00g[f 



CHAPTER XXIV. 

CHBOHIUM, UAMOANBail. 

187. OhromBtes. Melt 5 g. of potassium carbonate with 
equal amounts of potassium hydroxide (omit this from the 
equation) and potassium nitrate {include only oxygen, from this, 
in the quation) at a low temperature in an ir:)n crucible [Store- 
room] and stir in (use the reverse end of a file) 5 g. of powdered 
chromitc. Heat strongly [Blast-lamp] for several minutes (7). 
When the mass has cooled dissolve it in a little boiling water. 
Filter, and add dilute nitric acid to the solution until it is acid (7). 
Not* the change in color (?). 

188. Dicbromatea and CbromateB. Take some potassium 
dichromate solution and run into it potassium hydroxide solu- 
tion from a burette till the change in color is complete. A 
test-tube trial will show the tint to be reached. Concentrato 
the solution and allow it to crystallize {?), What kind of salt 
(neutral, acid, basic, double, or complex) is potassium dirhro- 
mate essentially? What are the colors of dichromate-ion and 
of chromate-ion? 

189. Chromic Anh^drid*. Make a cold saturated solution of 
5 g. of sodium dichromate, add to it two volumes of concen- 
trated sulphuric acid in a beaker, and cool (?). Filter through 
a small plug of asbestos, and dry the precipitate by smearing 
it on a piece of broken bisque plate [Storeroom]. 

190- Chromic Ozlda. Pulverize potassium dichromate (10 
g.) thoroughly with one-fifth its weight of sulphur, and heat 
with the blast-lamp in a porcelain crucible for fifteen minutes. 
Grind up the resulting mass in a mortar with water, filter, 
wash the green residue (7), and dry it on a radiator for use 
ml91. 

Make a borax bead, dissolve a particle of chromic oxide in 
it, and note the efiects of the oxidizing and reducing flames 
upon it (:). All chromium compounds give the same result. If 
chromic sulphate had been used, what would have been the 
nature of the chemical action? 

101. Chromic Chtorlds. Mix the chromic oxide prepared in 
190, with one-third its weight of pulverized wood" charcoal, 
make into a atifT paste with some starch, and mold the mixture 
into little pellets of the size of peas. Cover these completely 
with a layer of charcoal powder (why?) in a closed crucible. 
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dry them by heating gently with the Bunsen flame, and let them 
cool before exposing them to the air (why?). Place them in a 
piece of hard gla^ tubing. Then connect with a chlorine 
apparatus, and, when the chloriae gas has reached the pellets 
and completely displaced the mf (why?), heat strongly with a 
blast-lamp. Conduct any superfluous chlorine into a test- 
tube filled with sodium hydroxide. Describe the substance 
which is formed, and try its solubility in water and aeids. 

192. Ohrome-Alum. Dissolve 10 g. potassium dichromate in 
water, add the amount (calculated) of sulphuric acid necessary 
to form potassium sulphate and chromium sulphate, warm and 
add alcohol {7-10 c.c), a little at a time, until the yellow color 
has entirely given place to a pure, bright green. The action 
takes some time to reach completion. Note the odor (7). Set 
the greater part of the solution aside to evaporate spontane- 
ously. Concentrate the smaller portion on the water bath until 
crystals appear. Examine the form and color of the crystals 
from both portions (?). What is the color of their solution in 
water? What is the color of chromic-ion? 

IBS. Beactiona of Chromic Baits. Make a solution of chrome- 
alum. What are the ions in the solution? 

o. Boil a portion for some time [R 730]. 

b. To another portion add sodium hydroxide solution, at 
first a Uttle (?), then in excess (?). Boil [R 729]. 

c. Add ammonium sulphide (?). Filter off the precipitate, 
wash it until odorless, and determine whether it is a sulpbide. 

d. Add excess of sodium hydroxide solution and then a large 
volume of bromine-wafer, and heat (?). Try another portion, 
using lead dioxide instead of bromine (7). Infer the nature of 
the action from the change in color. 

194. Seactionfl of Ohromates. For a, b, c, d, use diluted po- 
tassium chromate solution. What are the ions in the solution? 

a. Acidify a part of the solution with dilute sulphuric acid (7). 
Concentrate and set aside to crystallize (7). 

b. Recall the actions of hydrogen sulphide, of sulphurous 
acid, and of hydrogen peroxide, on such an acia solution (7). 

c. Add ammonium sulphide, heat and mwntMn at the boil- 
ing-point, noting two distmct changes (?), then acidify (7). 

d. Add lead nitrate and barium chloride solutions to sepa- 
rate portions (7). 

e. Repeat d with potaasium dichromate solution (?). Con^ 
pare the results and expltun. 

195. Uanira°^teB and Permangaaates. 

a. Fuse a mixture of 5 g. of potassium hydroxide, 2.5 g. po- 
tassium chlorate (include only the oxygen, from Urn, in the equv 
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tion], &nd 5 g. finely powdered mangaoese dioxide, at a red 
heat, ia an iroa crucible [Storeroom], stirring with the reverse 
end of a file, until effervescence ceases (?). Add the last ingre- 
dient gradually. Treat the mass^with a small amount of cold 
water, decant the clear liquid away from the precipitate, and 
use it in b, c, and d. What is the color of manganate-ion? 

b. Dilute a part of the clear green solution with a very large 
amount of water in a beaker (?), If no change should occur, 
pass carbon dioxide into the diluted solution (7). What is the 
color of pennan^aaate-jon? How does this substance differ 
from manganate-iOQ? 

c. Add a few drops of alcohol, and warm (7). 

d. To the rest add a boiling solution of oxalic acid (7). 

e. Repeat e and d with potassium permanganate solution, 
acidified bv adding two or three times its volume of dilute sul- 
phuric acid (?). 

/. Recall the actions of hydrogen peroxide (60 e), hydn^ea 
sulphide (73 J), and sulphurous acid (S3 g) on addi&ed potas- 
sium permanganate solution {?). 

196. Reactions of Manganous Salts. Use any manganous 
salt. What is the color of manganous-ion? 

a. Borax bead in the oxidizing (?) and reducing (?) flames. 

b. Bead of a mixture of sodium carbonate and sodium nitrate 
on a platinum wire with any manganese compound (7). 

e. To a diluted solution of a manganous salt, add ammo- 
nium sulphide (?). Is the product a sulphide? 

d. To another portion add sodium hydroxide (7). Divide 
inte two parts. Shake one with ^r (i). To the other add 
bromine- water, and warm {?). 

197, Apply to the instructor for two unknown substances. 
Identify them, and report the result, as directed in IM and 16T. 
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CEtAPTER XXV. 



IBON, COBAI/r, NICEEI.. 



198. Iron. Recall the preparation of iRm from an oxide 
ON), and the action of the metal on dilute acids (16 a) (?). 
1B9. Beactiona of Ferrona and Ferric Salts: I. 

a. Borax bead with any compound of iron (use the oxide) in 
the reducing (?) and oxidizing (?) flames. 

b. RecaU the action of h^t upon ferric nitrate (SB a) and 
upon ferric sulphate (82) (?). 

Prepare a dilute solution of ferrouB-ammonium sulphate [Note 
37, p. 68]. Dilute some ferric chloride solution, [Note 40, p. 
108]. Use portions of these solutions, and add to each the 
following reagents. Compare the results in each case. 

c. Ammonium hydroxide (?). Shake with air (?). 

d. Potassium ferrocyanide solution (?). 

e. Potasfflum femcyanide solution (?) and add much water, 
/. Ammonium thiocyanate solution (?). 

^. Ascertain by tests whether the commercial hydrochloric 
acid ccoitains ferrous-ioQ or ferric-ion (?). Show that it con- 
t^ns ^so sulphuric acid (?). 

200. Beactiona of Ferrona and Foirie Salts: H. Badnctioiu 
and OxIdationB. Use diluted ferrous-ammonium sulphate and 
diluted ferric chloride solutions. 

a. To jportions of each solution add ammonium sulphide 
solution (7). Ascertain in each case whether the action ia 
easily reversible (?). Explain the behavior of the ferric chlor- 
ide solution [R 756] (?). How could you determine whether 
the free sulphur was formed before or after the acidification ? 
^ b. To portions of each solution add potassium iodide solu- 
tion (J). To a little starch emulsion add a few drops of the 
ferrio-potassium-iodide mixture (7). 

c. Saturate (test?) a portion of the ferrous solution with 
hydrogen sulphide (?). Explwn in terms of the ion-product 
constant {?). Now add ammonium hydroxide (?). Filter. 
Wash the precipitate until odorless, and determine whether it 
is a sulphide or hydroxide (?). Explain in terms of the ion- 
product constant. 

d. Saturate (toBt?) a portion of the ferric solution with hy- 
drogen sulphide (?). Filter. What is the precipitate (test?)? , 
Examine the dear filtrate, and determine, t>y meaoa of testJ 

189 ,-. . 
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from 199 d, e, and /, wliether ferric-ion or ferrous-ion is pres- 
ent (?). _ Formulate the action of the hydrogen sulphide. 

e. Bml a portion of the ferric eolution with excess of pul- 
verized iron for Beveral minutes. Klter, and apply to part of 
the clear filtrate (color?) tests selected from 199 d, e, and / (?), 
Formulate the action of the iron. Use the rest of the filtrate 
inf. 

f. To 2 c.c. of potassium permanganate solution add a large 
excess of dilute sulphuric acid (?). Add this mixture drop by 
drop to the rest of the filtrate from e until the pink color is 
permanent [R 744] (7). Apply to this hquid tests from 199 d, 
^and / (?). Formulate the action in terms of ions alone. 
Which kinds of ionic chemical change have been illustrated 
here? How could this action be used for estimating iron? 

What other oxidizing agents convert ferrous into ferric salts 
(see 94/)? 

SOI, Hydro^rsis. Dissolve 0.5 g. each of ferric sulphate and 
ferrous-ammonium sulphate separately in wat«r, and warm 
very slightly. Observe the tints by looking downward through 
the solutions at a piece of white paper (?). Test each solution 
with Congo red paper, compare (?), and interpret the results. 
Now add some pure sulphuric acid to each and observ- the 
tints again. E^lain. What are the colors of ferrous-ion and 
ferric-ion, respectively? Which of these allotropic forms of 
the element is more typically metallic? 

302. Iron-Ammonlnm Alum, 

a. Weigh 6 g. of ferric sulphate into an evaporatdng-dish. 
Weigh out an eq^uimolecular quantity (calculate) of ammo- 
nium sulphate. Dissolve the salts separately, each in the mini- 
mum amount of 'boiling water, mix the solutions, and set 
a^de (?). Describe the crystals (?). Collect them upon a 
filter, wash them free from the mother-liquor, and dry with 
filter paper. 

b. Ascertain (see 199 c, d, e) whether iron-alum is a double 
salt, or a salt of a complex acid {?). 

203. FwrocyanidBB and Feirloyanidas. Use diluted potas- 
sium ferrocyanide solution. 

a. Add ammonium hydroxide (?) and compare with 199 c (?). 

b. Add ammonium sulphide solution and compare with 
200 a {?). Is ferrous-ion present? 

c. Add bromine-water (shake) in excess, and boil off the 
superfluous bromine. To a part of the liquid add ferric chloride 
solution (see 199 d and e) (?). 

d. To the rest of the liquid from c apply the tests in 199 c 
and / (?). Is ferric-ion present? 
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204. B«Bctlcitu of Oobalt Salts. For b and c use diluted 
cobalt chloride solution. 

a. Borax bead ia ondizing (7) and reducing (?) flames. 

6. Sodium hydroxide eolutiou, firat a little (?), then in excess, 
and warm (?), 

c. Ammomum sulphide solution (7), 

aOS. Beactlons of Nickel Salts. For b and c use diluted 
nickel sulphatfi solution. 

a, b, c. Same as in 204. 

206. Apply to the instructor for two unknown substances. 
Identify toem, and report the result, as directed in 140 and 
U7. 
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APPENDIX. 

I. Ctffroctlon of B«romBtrlc Beadings. 

To reduce the reading taken at room temperature (Temp.) 
to the corresponding height of a column of mercury at 0°, sul>- 
tract the proper number in the second column (Corr'n) from 
the actual reading in miUimetere. [See Note 31, p, 18.] 



Temp. 


Corr'n. 


Temp. 


Corr'n, 


Temp. 


Corr'n. 


12 


1.6 


17 


2.2 


23 


3.0 


13 


1.7 


18.5 


2.4 


24.5 


3.2 


14 


1.8 


20 


2.6 


25 


3.3 


15 


2.0 


21.5 


2.8 


26 


3.4 



n. Tension of Aqaeoos Vapor in MiUlmeters. 



Temp. 


Press. 


Temp. 


Press. 


Temp. 


Prwa. 


0° 


4.6 


16° 


13.5 


26= 


25.1 


5 


6.5 


17 


14.4 


27 


26.5 


8 


8.0 


18 


15.4 


28 


28.1 


9 


8.6 


19 


16.3 


29 


29.8 


10 


9.2 


20 


17.4 


30 


31.5 


11 


9.8 


21 


18.5 


31 


33.4 


12 


10.5 


22 


19.7 


32 


35.4 . 


13 


11.2 


23 


20.9 


33 


37.4 


14 


11.9 


24 


22.2 


34 


39.6 


15 


12.7 


25 


23.6 


100 


760.0 



m. Specific HaatB of Metals. 



Aluminium . 214 
Copper 0.095 
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APPENDIX 
IV. SolnbUitles of Hues and Baits la Tatar mt 18°. 





K 


H» 


LI 


A* 


m 


B» 


Br 


Ga 


He 


Zn 


Pb 


ai 


32.08 


3SM 


Zf 


0.0,18 
0.0.10 


SJ„ 


r: 


B1.09 


73,19 


6B.S1 


203.9 


oios 


Bt 


e6M 


88. TS 


m.7 


0.0,1 
o.o:e 


0.04 
0.0,15 


103,6 


oejia 


"Si 


"a 


'11 


ff 


- 


ms 


ea 


m.B 


O.O^^J 

o.Sn 


0.00* 
0,0.17 


201.4 


169.8 


"« 


•V 


'".s 


oJvi 


r 


sr 


!S 


0,2T 


186.4 


rajB 


o:o,B3 


0.012 


0:0.2 


0.0070 
0.0,14 


oV 


a 


™. 


w 


■7'a 


"if 


-i:! 


8.91 


g^ 


66,27 


121.8 


'to" 


"i? 


■i? 


ao. 


a 


1i' 


"Jl 


W 


3.69 


3S.43 


174.9 


179,3 


120.4 


IS 


"5:!. 


BrO, 


0.38 


2.i 


IS, 


a 


a 


S:S. 


li 


8G.1T 
2.3 


1.S 


■L" 


0.03 


10, 


0J6 


0.4 


3:S4 


0.0,14 


o!o,i6 


oiooi 


oVt 


a 


0*.2fl 


!.S 


0.002 
0.0.3 


OH 


1^9 
IS 


iie.4 


'15* 


ss> 


40.04 
1.10 


& 


8£ 


0:02 


0:0.2 


SK 


0:^ 


SO. 


ii.n 

0.02 


lilS 


als 


a 


S 


oii.io 


0.0,6 


a 


3E.43 
2.8 


ail 


0:0,13 


OcO. 


1:! 


also 


8Jl 


0J>il6 


O.0O8 

0.0,1 


0.0^ 


a 


a 


4:3 




IS 


0.0. 


30.OT 


s^ 


o!«o 


o^a 


l:&> 


o:o,38 


S:S 


0.ft,M 
0.0.43 


Ji 


0.0,6 
0.0:4 


sy 


CO. 


'15 


19.39 


J:?7 


oi,i 


4.95 


0:0,11 


o!o,T 


o:o,i3 


0.01 


COM? 
0J).37 


0.0,1 



The upper number ia eacb eqaare gives the number of gnma ot the 
anbydroos salt held In sdution by 100 c.o. ot water. The li^wer number Is 
the molar solubilltj, (.e,, the number of moles contamed in one liter of the 
saturated aolatioa. 
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APPENDIX 



TX DegTM of lonlution of Iotio|[Biu. 

Excefit where otherwise specified, the figures pve the fractioD 
jomEed in it nonnal, aqueous solutiou (usually at 18°). Sub- 
tractioa of the figures from the unity gives the ext«nt to which 
the ions will unite when brought together in normal concen- 
tration. At greater dilutions the ionisation is greater and the 
union of ions leas. 

Acids. 



HNO, 


0.82 






0.17 


HNO. (cones.) 


0.09 






0.50 


HCl 


0.78 




)) 


. 0.08 


Ha (cone.) 


0.13 






0.0,4 


Ha (N/2) 


0.85 






0.013 


H^O. 


0.51 






0.0,17 


H^O. (cone.) 


0.0,7 






0.0,21 


HBr (N^-Z) 


0.90 






0.0,7 


HI (N/2) 


o.go 






0.04 


HaO, (N/2) 
HMbO, (N/2) 


0.88 






0.04 


0.93 










Bi 


LSia. 






KOH 


0.77 


Sp(OH), (N/64) 


0.93 


NaOH 


0.73 


Ba(OH), 


(N/»4) 


0.92 


Bii(Oro, 
NH.OH 


0.69 
0.0,4 


AgOH (N/1783) 


0.39 
0.04 


C3a(0H), (N/64) 


0.90 

Sa 


l/ES. 






KO 


0.75 


Na,00. 




0.40 


KBr(N/32) 


0.92 


Na.HCO. 




0.52 


KaO, (N/2) 


0.79 


Na,.HPO 


(N/32) 


0.83 


KNO. 


0.64 


NaC,H.O 




0.53 


K^O. 


0.53 


Na,C.H.O 


.(N/32) 


0.78 


K,CO. 


0.49 


Baa, 




0.57 


KMnO. (N/32) 


0.92 


CaSO, (N/100) 


0.63 


K,O,0, (N/32) 


0.94 


CuSO. 




0.22 


NH.C1 


0.74 


AgNO. 

(Sso. 




0.58 


N«a 


0.67 




0.22 


Na^O. 


■0.44 


ZnSO. 




0.24 


Na^. (N/32) 


0.82 


HgO, 


(<0.01) 



>;,l,ZDdbyC00^[c 



APPENDIX 



TIL XlMtromotlTe SoiIbi. 



The electromotive force of a cell, in which each of the fol- 
lowing metals constitutes in turn the negative pole (and sold, 
e.g., the positive), diminiahea in the order given. The teni^ncy 
to enter the ionic condition in a solution already containing 
the same ion iu normal concentration diminisheB in the same 
order, and hence the ionic form of each of these metals ^ 
normal concentration) is discharged and the metal liberated 
by every metal preceding it in the Beries. 

PotasEdum 

Sodium 

Barium 

Strontium 

Calcium 

Magnesium 

Aluminium 

Manganese 



Cadmium 


AlB^O 


Iron (Fe") 


Bismuth 


Thallium 


Antimony- 


Cobalt 


Mercury (Hg") 


Nickel 


Silver 


Tin (Sn") 


Palladium 


Lead 


Platinum 


Hrdioffen 


OoU 


Cc^per (Cu") 
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